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1. {:I INTRODUCTION 

The o b j e c t i v e  0.f: t h i s  p r o g r a m  w a s  t u  d e v e l o p  t e c h n i q u e s  

f o r  s a t i s f a c t o r y  p r e t r e a t m e n t  o f  waste w a t e r -  ( u r i n e  a n d  wash 

w a t e r )  p r i o r  t o  r e c o v e r y  b y  d i s t i l l a t i o n  a n d  s a t i s f a c t o r y  

p o s t - t r e a t m e n t  o f  t h e  r e c o v e r e d  w a t e r  a n d  I-luinidity 

C o n d e n s a t e  f o r  p u r i f i c a t i o n  t o  t h e  h i g h  q u a l i t y  n e c e s s a r y  

f o r  reuse. The  e f + o r t  i n c l u d e d  l i t e r a t u r e  a n d  l a b o r a t o r y  

i n v e s t i g a t i o n s ,  f easi b i  1 i t y  e v a l u a t i o n  o f  c a n d i d a t e  

a p p r o a c h e s ,  a n d  d e v e l o p m e n t  o f  c o n c e p t u a l  d e s i g n s  f o r  a 

! G i c t e  w;rter p r e t r e a t m e n t  s y s t e m  and a recovered water post  

t rea t  men t s y s t e m .  

I n  t h e  e x p e r i m e n t a l  p o r t i o n s  of  t h e  e f f o r t  a l a b o r a t o r y  

g 1 a 5 5  s t i l l  w a s  u s e d  t o  p r o c e s s  u r i n e ,  wash water a n d  

hcimidi t y  c o n d e n s a t e .  Various p r e t r e a t m e n t  t e c h n i  q~ies were 

e v a l u a t e d .  A new n o n - a x i d i z i n q  c h e m i c a l  p r e t r e a t m e n t  was 

d ~ v e l o p r d  that decreases t h e  o r g a n i c  c o n t e n t  o f  u r i n e  

d i s t i l l a t e  by  a f ac to r  o f  t h r - e e .  In  a d d i t i o n ,  t h e  

e x p e n d a b l e  w e i g h t  of  t h i s  p r e t r e a t m e n t  is .less t h a n  o n e  h a l f  

t h a t  o f  p r e v i o u s  p r e t r e a t m e n t  f o r m u l a s  a n d  i t  can b e  

. f o r m u l a t e d  i n t o  a n  e a s i l y  d i s p e n s a b l e  l i q u i d .  

T h r e e  p r o m i s i n g  p o s t - t r e a t m e n t  m e t h o d s  w e r e  i d e n t i f i e d  

a5 fo l lows:  (1) a t r a i n  o f  v a r i o u s  s o r p t i o n  b e d s ;  ( 2 )  

reverse osmosis; a n d  (3) u l t r a v i o l e t  l i g h t  a s s i s t e d  o z o n e  

o x i d a t i o n  (UV-Os) .  
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2 . 0  BACKGROUND 

F u t u r e  manned s p a c e c r a f t  d e v e l o p e d  f o r  l a r g e  crew5 a n d  

101-ry-ter-m s p a c e  o p e r a t i o n s ,  such as e a r t h - - o r - b i  t i n q  S p a c e  

S t a t i o n ,  w i l l  r e q u i r e  w a t e r  reclamation t o  a v o i d  p r o h i b i t i v e  a 
1 aunch wri g h t  p e n a l  t i  e5 and f r e q u e n t  r - e s u p p l  y.  Waste water 

i n c l  udi  rig u r i n e  ar id  wash  w a t e r  can b e  r.ec:overed b y  

d i 5 t i 1 1 a 1: i un m e t h o d s  JLK 1-1 a 5 vapot- c omp r e55 i on d i st i 1 1 at i o n  

!VCD) ( ? , 2 )  or  v a p o r  d i f f u s i o n  d i s t i l l a t i o n  s u c h  t h a . t  

u s e d  b y  the TI-rernroel ectr i  c I n t e g r a t e d  Piernbt-ane E v a p o r , . a t i  on 

System ( T I M E S )  (3,4). a 

P r i o r  t o  d i s t i l l a t i o n ,  u r i n e  has to he . t rea ted  .to 

s t a b i l i z e  the v o l a t i l e  c o n t a m i n a n t  ccm:stikuenks ,to p r - e v e n t  

c a r r y o v e r  i n  t h e  d i s t i l l a t i o n  process. I n  a d d i t i o n ,  the 

p r - e t r e a t m e n t  5 h o u l d  p r o v i d e  d i s i n f e c t i o n  o f  , t h e  u r - i n e  to 

m a i  r i  t a i  n b i o-sta t i c e oi-id i .t i uns . 
p r e t r e a t m e n t  f o r m u l a s  h a v e  b e e n  u k i l i z e d  t o  a c c o m p l i s h  t h i s  

Sever a 1 c hemi ca 1 

4 

s t a b i l i z a t i o n .  A s o l u t i o n  OC s ~ i 1 f : ~ i t - i c  a c i d  and chrotrrium 

t r  i ox i de h a s  b e e n  used i n a n  A i r  E v a p u r a k  i o n  Water- f iecovery 

Process ( 5 )  as w e l l  as i n  t he  TIMES process. A s o l u t i i j n  OS 

s c i 1 . f ~ ~ - i c  acid, an anPi - - foamir !q  a g e t i t ,  and ai\ iorlcfor 

compound h a s  been errrployed i n  t .he  VCD s u b s y s t e m .  R e c e n t l y ,  

a .Gorinula Zlha,t uses s ~ i 1 f ~ i i - i ~  a c i d  arid monopersu l fa te  

o x i d i z i n g  agent has b e e n  d e v e l o p e d  ( 6 ) .  In  a d d i t i o n ,  a n  

4 
. 

e l e c t r u l y t i c  p r - e t r e a t m e n t  p r o c e s s  h a s  b e e n  i n v e s t i q a t e d  tu 

s t a b i l i z e  t h e  u r i n e  wi . thr ju t  t h e  n e e d  for a d d i t i c n  o f  



expendable chemical agents (7). The use o f  a dual  c a t a l y s t  

system has a l s o  been i n v e s t i g a t e d  t o  decompose t h e  v o l a t i l e  

c o n s t i t u e n t s  i n  t h e  d i s t i l l a t i o n  vapor phase as an 

a l t e r n a t i v e  t o  u r i n e  pretreatment ( 8 )  (9). 

Wash water f rom personal hygiene and laundry  f a c i l i t i e s  

a150 needs t o  be t r e a t e d  p r i o r  t o  d i s t i l l a t i o n .  L i k e  ur ine ,  

wash water needs t o  be s t a b i l i z e d  t o  prevent  m i c r o b i a l  

growth and minimize v o l a t i l e  contaminant carryover .  In 

add i t i on ,  wash water must be t r e a t e d  t o  prevent  car ryover  

due t o  foaming du r ing  processing i n  t h e  VCD subsystem. A 

process has been developed t h a t  u t i l i z e s  t h e  a d d i t i o n  of  

f e r r i c  c h l o r i d e  t o  coagulate t h e  soap cons t i t uen ts ,  a l l o w i n g  

separa t ion  by f i l t r a t i o n .  Dur ing VCD wash water recovery 

t e s t s  a t  t h e  Johnson Space Center, t h e  wash water was 

p r e t r e a t e d  w i t h  an ant i - foaming agent, s u l f u r i c  a c i d  and an 

i odof o r  compound. 

Fo l low ing  d i s t i l l a t i o n ,  t h e  product water m u s t  be 

t r e a t e d  t o  remove low concentrat ions of  contaminants t h a t  

present  t o x i c  hazards and c o n t r i b u t e  t o  f o u l  t a s t e s  and 

odors. The contaminants t h a t  c a r r y  over, i n  t h e  

d i s t i l l a t i o n  process, i n t o  t h e  product water a re  main ly  

ammonia and v o l a t i l e  organics. There i s  concern t h a t ,  w i t h  

many recyc les,  organic  contaminants cou ld  accumulate i n  t h e  

water processing system o r  i n  t h e  human body and b u i l d  up t o  

t o x i c  l e v e l s .  I t i s  the re fo re  des i reab le  t o  remove a l l  

measurable l e v e l s  o f  organics i n  t h e  post- t reatment process. 

3 
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T o  d a t e ,  p o s t - t r - e a t m e n t  h a s  c o n s i  s t r d  of  i cm-.e:.:change a n d  

a c t i v a t e d  c a r b o n  a d s o r p t i o n  b e d s  (11) (12).  T h i s  s c h e m e  h a s  

p r o d u c e d  c l  ear h i  311 q u a l  i t y  water w i  t h o u t  ob j ect  i o n a b  l e 

odors or- t a s t e s .  The  i o n - e x c h a n g e  r e s i n  a n d  a c t i v a . t e d  

c a r b o n ,  h o w e v e r 7  h a v e  f a i l e d  to r e m o v e  a l l  m e a s u r a b l e  l e v e l s  

o f  o r g a n i c  c o n t a m i n a n t s .  

0 

I n  a d d i t i o n  t o  t h e  renruval  oC o r g a n i c s ,  t h e  r e c o v e r e d  

water- has to be  . t r e a t e d  w i t h  a r e s i d u a l  b i o c i d e  s u c k  as 

i o d i n e  t o  m a i n t a i n  s a f e  s t o r a g e  u n t i l  the water i s  used. 

I o d i  ne-i m p r e g n a t e d  r e s i n  beds h a v e  b e e n  u s e d  q u i  'te 

s u c c e s s f u l l y  t o  p r o v i d e  r e s i d u a l  d i s i n f e c . t i o n  (91 ( l ( 3 ) .  

In  o r d e r -  t o  d e v e l o p  e f  f e c t i v e  p r e t r e a t m e n t  a n d  p o s t -  

.I:reatmer\k t e c h n i  q u e s ,  a l  1 steps of: t h e  water- reco\iei'.'k; 

process have t o  b e  c o n s i  d e r - e d .  T h e  cofnpl  et:enes;s o r  

e f f e c t i v e n e s s  0-f t h e  p r e t r e a t m e n t  t e c h n i q u e  w i l l  n e c e s s a r i l y  

a f f e c t  t h e  q u a l i t y  of  the p r o d u c t  w a t e r -  a n d  t h e r - e + u r e  i m p a c t  

. the r e q u i r e d  p o s t - t r e a t m e n t .  S i m i l a r l y ,  t h e  c h a r a c t e r i s t i c s  

of t h e  d i s t i l l a t i o n  p r o c e s s  i t s e l f  will i m p a c t  t h e  

r e q u i r e m e n t s  o f  b o t h  w a s t e  water p r e t r e a t m e n t .  and prsdc.tc.t: 

w at er- p c) s.t - t r eat rn en t . 

U 

3.0 SUMMhRY O F  RESULTS 

S i g n i f  i rarr t  p r o g r e s s  w a s  made under t ! i i s  c o n k r a c t  t o  

d e +  iiie v i  ab1 e t e c h n i  l u e s  fu r -  waste wa,ter p r e t r e a t m e n t  and 

r e c o v e r e d  water p o s t - t r e a t m e n t  I T h e  accornpl  i shments a r e  

s u m m a r i z e d  i n  t h e  . f o l l o w i n q  p a r a q r a p h s .  

a 
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3.1 L i t e r a t u r e  Sear& 

A c o m p r e h e n s i v e  1 i t e r a t u r e  s e a r c h  w a 5  c o n d u c t e d  o n  

s p a c e c r a f t  water r e c o v e r y  p r e t r e a t m e n t  a n d  p o s t - t r e a t m e n t  

t e c h n i q u e s .  The c a n d i d a t e  m e t h o d s  selected f o r  

i n v e s t i g a t i o n  w e r e  t h e  f o l l o w i n g .  

C h e m i c a l  a d d i  t i  ves 

I o n  e x c h a n g e  

G r a n u l a r  a c t i v a t e d  c a r b o n  

U l t r a v i o l e t  l i g h t  a s s i s t e d  o z o n e  o x i d a t i o n  (UV/Os)  , 

Vapor  phase crzana.tirla 

R e v e r s e  osmosis 

A i r  s t r i p p i n g  

L i  q u i  d / 1 i q u i  d e x t r a c t  i o n  

Flocculation/coagulation 

pH a d j u s t m e n t s  

3.2 Ceatment P h i l ~ s a p h v  

A t r e a t m e n t  p h i l o s o p h y  w a s  d e v e l o p e d  o n  . t h e  a r g u m e n t  

t h a t  a g i v e n  o r g a n i c  rilmoval r n e t h o d - s h o u l d  n o t  h a v e  t o  be 

u s e d  a t  more t h a n  o n e  p o i n t  i n  a water r e c o v e r y  s y s t e m .  I t  

w a s  f e l t  t h a t  o n e  p o i n t  o f  use s h o u l d  be s u + f i c i e n t  a n d  

wou ld  a v o i d  u n n e c e s s a r y  d u p l i c a t i o n .  I t  w a s  f u r t h e r  argued 

t h a t  the b e s t  p l a c e  t o  a p p l y  an o r g a n i c  r e m o v a l  s t e p  is o n  

d i s t i l l a t e ,  n o t  waste  water,  because d i s t i l l a t e  c c m t a i n s  

f e w e r  o r g a n i c s ,  is a much c l e a n e r  l i q u i d  a n d  is less 

c o r r o s i v e  t h a n  waste water. I t  f o l l o w s  t h e n ,  t h a t  t h e  i d e a l  

p r e t r e a t m e n t  s h o u l d  be d e s i g n e d  t o  m i n i m i z e  o r g a n i c  
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e v o l u t i o n  from w a s t e  w a t e r .  T h e  f o r e g o i n g  a r g u m e n t s  a re  

s u m m a r i z e d  i n  t h e  f o l l o w i n g  t w o  g u i d e l i n e s :  

(1) m i n i m i z e  o r g a n i c  e v o l u t i o n  f r o m  w a s t e w a t e r  

( 2 )  r e m o v e  o r g a n i c s  a f t e r  t h e  e v a p o r a t i o n  s t e p ,  t h a t  

is, f r o m  t h e  v a p o r  p h a s e  or from t h e  d i s t i l l a t e .  

7 -  
L ~ .  3 New P r e t r e a t m e n t  Clqents .  

Two new p r e t r e a t m e n t  f o r m u l a s ,  w h i c h  c o n t a i n  no 

o x i d i z e r s ,  w e r e  d e v e l o p e d  u n d e r  $ h i s  c o n t r a c t .  T h e s e  new 

p r e t r e a t m e n t s  r e d u c e  t h e  o r g a n i c  l e v e l  i n  u r i n e  d i s t i l l a t e  

b y  a f a c t o r  of  3 c o m p a r e d  t o  p r e t r e a t m e n t  f o r m u l a s  t h a t  

c o n t a i n e d  o s i d i r i n g  c h e m i c a l s .  The  d a t a  are s u m m a r i z e d  

b e l o w  i n  T a b l e  3.0.-1. 

a 

(I 

TABLE 3.0-1. COMPARISON OF URINE PRETREATMENTS 

CONTAINING OXIDIZING BIOCIDES TO THOSE 

WITH NON-OXIDIZING BIOCIDES. 

PRETREATMENTS 

Ox i d i  z i ng Biocides: i o d i n e ,  
h e x a v a l e n t  c h r o m i  um, 
ox o n e  

N e w  N o n - o x i d i z i n g  B i o c i d e s :  metals 
(Cux  * + C r  * I ) a n d  h e c a d e c y l -  

t r i m e t h y l  ammonium b r o m i d e  (HDAB) 

TOTAL ORGANIC CARBON (TOC)  
LEVEL IN DISTILLATE MG/L 

24 t o  30 

8 t o  1 0  

I n  a d d i t i o n  t o  l o w e r i n g  t h e  o r g a n i c  l e v e l  i n  t h e  

d i s t i l l a t e  t h e  use r a t e  of t h e  new n o n - o x i d i z i n g  

p r e t r e a t m e n t s  is lower b y  a fac tor  of 2 or 3 t h a n  t h e  
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o x i d i z i n g  pretreatment formulas. I n  add i t i on ,  each o f  t he  

new pret reatments can be formulated i n t o  a s i n g l e  l i q u i d  

s o l u t i o n  amenable t o  pumping, whereas t h e  o x i d i z i n g  

pret reatments were e i t h e r  a heavy v iscous l i q u i d  o r  

cons is ted o f  more than one phase, e.g., l i q u i d  and s o l i d .  

Another disadvantage of the  o x i d i z i n g  pret reatments i s  t h e i r  

tendency t o  o x i d i z e  higher molecular weight o rgan ics  t o  

those o f  lower molecular weight, which a r e  g e n e r a l l y  more 

d i f f i c u l t  t o  remove by post-treatment. 

T o  summarize, t h e  new, non-ox id iz ing pret reatments 

developed under t h i s  cont rac t  have t h e  f o l l o w i n g  advantages 

over t h e  o x i d i z i n g  pretreatments: 

s The new pretreatments r e s u l t  i n  on l y  113 as many 

v o l a t i l e  organics t h a t  l a t e r  m u s t  be removed i n  a 

post-treatment step. 

t The v o l a t i l e  organics t h a t  do appear i n  t h e  

d i s t i l l a t e  should be.more e a s i l y  removed by post-  

t reatment methods. 

t The new pretreatments have use r a t e s  t h a t  a re  o n l y  

about 1/3 t o  1/2 t h e  usage r a t e s  o f  p rev ious  

p r e t r e a t  men t s. 

t The new pretreatment fo rmu la t i ons  c o n s i s t  o f  a 

s i n g l e  phase, e a s i l y  pumped l i q u i d  as opposed t o  

p rev ious  pretreatment fo rmu la t i ons  t h a t  were 

e i t h e r  v iscous and d i f f i c u l t  t o  meter o r  cons is ted  

o f  a l i q u i d  and a s o l i d  phase t h a t  requ i red  two 
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s e p a r a t e  d i s p e n s i n g  t e c h n i q u e s .  

5.4 P o s t - t r e a t m e n t .  

T h r e e  p r o m i s i n g  p o s t - t r e a t m e n t  m e t h o d s  w e r e  i d e n t i f i e d  

a s  f o l l o w s :  

3.4.1 S o r p t i o n  Eed5.  Work w a s  c o n d u c t e d  on  a t r a i n  of 

s o r p t i o n  b e d s ,  i n c l u d i n g  i o d i n a t e d  r e s i n ,  s t r o n g  a c i d  c a t i o n  

r e s i n ,  s t r o n g  base a n i o n  r e s i n ,  s t r o n g  a c i d / b a s e  mixed 

r e s i n ,  p o l y m e r i c  a d s o r b e n t  a n d  a c t i v a t e d  c a r b o n .  T h i s  t r a i n  

removed o r g a n i c s  down t o  t h e  200 p p b  r a n g e  w i t h  o n l y  v e r y  

s m a l l  q u a n t i t i e s  of  material n e e d e d .  L e s s  t h a n  1.7 g r a m s  o f  

m a t e r i a l  are  n o w  p r o j e c t e d  f o r  1 0 0 0  g r a m s  o f  d i s t i l l a t e .  I t  

is  a n t i c i p a t e d  t h a t  t h i s  q u a n t i t y  c a n  be s i g n i f i c a n t l y  

r e d u c e d  b y  f u r t h e r  e:.: p e r  i m e n t a l  i n v e s t  i g a t  i o n s .  

a 

4 

3.4.2 R e v e r s e  O s m o s i L  U r i n e  o d o r  w a 5  r e m o v e d ,  s p e c i f i c  

c o n d u c t a n c e  w a s  lowered b y  a f a c t o r  o f  6 a n d  TOC w a s  r e d u c e d  

by  a f a c t o r  0.f 8. Based  o n  t h e s e  g o o d  p e r f o r m a n c e  r e s u l t s  

more e x p e r i m e n t a l  i n v e s t i g a t i v e  w o r k  should b e  p u r s u e d .  

3.4.3 U l t r a v i o l e t  Licrht  A s s i s t e d  Oxone  O x i d a t i o n  ( U V / O = )  - 
TOC w a s  reduced t o  t h e  200 ppb  l e v e l  w i t h o u t  u s i n g  

e x p e n d a b l e s .  UV-O= o x i d a t i o n  h a 5  a n  a d d i t i o n a l  a d v a n t a g e  i n  

t h a t  i t  p o t e n t i a l l y  c a n  d e s t r o y  a l l  b a c t e r i a ,  v i r u s e s ,  a n d  

t o x i n s ,  t h u s  p r o v i d i n g  e x c e l l e n t  s e p a r a t i o n  b e t w e e n  t h e  

w a s t e  water a n d  r e c o v e r e d  water. A d d i t i o n a l  w o r k  i n  t h i s  

area is desirable .  

4 .0  CONCEPT DEVELOPMENT 

T h e  o b j e c t i v e  o f  t h i s  t a s k  w a s  t o  i d e n t i f y  p r o m i s i n g  

(I 

4 
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a p p r o a c h e s  f o r  t h e  p r e t r e a t m e n t  o f  u r i n e  a n d  wash w a t e r  

e 

e 

p r i o r  t o  d i s t i l l a t i o n  and f o r  t h e  p o s t - t r e a t m e n t  o f  

r e c o v e r e d  water f o r  a p p l i c a t i o n  on  l o n g  d u r a t i o n  s p a c e  

m i s s i o n s .  T h e  c a n d i d a t e  a p p r o a c h e s  were c o m p i l e d  ar, a 

result of a l i t e r a t u r e  i n v e s t i g a t i o n ,  a t e c h n i c a l  s u r v e y  o f  

c o n v e n t i o n a l  p r e -  a n d  p o s t - t r e a t m e n t  k e c h n i  qcies, and c u r s o r y  

l a b o r a t o r y  i n v e s t i g a t i o n s  of  p r o m i s i n g  a p p r o a c h e s .  S e v e r a l  

p r o m i s i n g  p r e k r e a t m e n t s  a n d  p o s t - t r e a t m e n t s  were recommended 

f o r  f easi  b i  1 i t y  eva lua t ions .  The  v a r i o u s  a p p r o a c h e s  t h a t  

were considered,  the p r e -  a n d  p o s t - t r e a t m e n t  p h i  l e s o p h y  t h a t  

w a s  d e v e l o p e d ,  a n d  t h e  c a n d i d a t e  c o n c e p t s  t h a t  were selected 

f o r  f easi bi 1 i t y  e v a l  u a t i  oris are  d i s c u s s e d .  

The  r e s u l t s . o f  t h e  l i t e r a t u r e  s e a r c h  were c o m p l i e d  arid 

p r e s e n t e d  t o  NASA i n  t h e  f o l l o w i n g  d o c u m e n t s :  

A. Water T r e a t m e n t - O r u a n i c s  Removal .  

Date: J a n .  9,  1984 

D a t a  E a s e :  Water R e s o u r c e s  A b s t r a c t s ,  1979-03. 

S c o p e :  Water T r e a t m e n t  .r Water P u r i  f i c a t i  a n  , D r i n k i n g  

Water, P o t a b l e  Water, Domestic Water, O r g a n i c  

Compounds,  O r g a n i c  Matter. 

Number of  C i t a t i o n s :  147 

Source: Oregon S t a t e  U n i v e r s i t y  

B. S p a c e c r a f t  Water R e c o v e r y .  

D a t e :  J a n .  27, 1984 

Data Ease: .  NASA S e a r c h  Number SPECIAL, 1968-84. 
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I= 'o s t - t r ea tmen . t  T e c h n  i ques. 

F a c i l i k y  

C. S p a c e c r a f t  Water W,e-q-uAerv T e c h n i  que.? B i b 1  ioc l rgphy,"  

Date: Dec. 7, 1983 

Data Ease: Umpqua R e s e a r c h  Company 

P .  a c o p e :  S p a c e c r a f t  Water Recover-y ,  P r e - - t r e a t m e n t  and 

Fost - t r e a t m e n  t T e c h n  i ques. 

Number of C i  t a t i  01-15: 80 

Foccrce: Umpqua R e s e a r c h  Company 

D. U r i n e  P r e s e r v a t i u n .  

Date: F e b .  7, 1984 

Data B a s e :  11-tdex Medi GLIB 1973-434 

C h e m i c a l  G b s t r a c t s  1977-73 

Number uf C i t a t i o n s :  27 a n d  32 

S o u r c e :  Or-eqon S t a t e  Uni v r r s i  t y  

E. L i te ra ture  S e a r c h  Sctmmar-y 

Date: F r b .  lb, I384 

a 

Data B a s e :  This r e p o r t  s u m m a r i z e s  t h e  r e s u l t s  of the 
4 

l i t e r a t u r e  s e a r c h .  T h e  m u s t  p e r t i n e n t  l i t e r a t u r e  

a n d  t e c h n i c a l  i n f o r m a t i o n  is  p r e s e n t e d  and  

discussed. 

T h e  p romi  s i n g  c c l n c e p t s  i d e n t  i f i ed i r t  t.he 1 i t e r a . t u r e  

1. 0 
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were analyzed f o r  a p p l i c a b i l i t y  t o  t h e  des i red  space 

appl i c a t  i ons. 

The p r e  and post-treatment methods t h a t  were considered 

a re  discussed i n  t h e  f o l l o w i n g  paragraphs. The cursory  

t e s t i n g  t h a t  was conducted t o  screen some o f  t h e  methods i s  

presented here. Several of t h e  methods were r e j e c t e d  a t  

t h i s  po in t .  The remaining were recommended f o r  subsequent 

f e a s i b i l i t y  evaluat ions.  

4.1 Chemical Pretreatments. 

Chemical pretreatments f o r  u r i n e  d i s t i l l a t i o n  have been 

developed by NASA sponsored work over t h e  l a s t  20 years. 

The chemicals t h a t  a re  c u r r e n t l y  used a re  HZSO4, t o  f i x  f r e e  

ammonia; a b i o c i d e  t o  prevent m i c r o b i a l  decomposition o f  

urea and other  u r i n e  organics t o  ammonia and v o l a t i l e  

organic  compounds; an ox id i ze r  t o  improve t h e  odor o f  the  

d i s t i l l a t e  produced from p r e t r e a t e d  u r ine ;  and sometimes an 

ant i - foaming agent t o  prevent foaming dur ing  b o i l i n g  and 

subsequent carryover  of l i q u i d  u r i n e  by phys ica l  

entrainment. The b ioc ides  p r e v i o u s l y  used f o r  u r i n e  and 

wash water pretreatment i n  aerospace a p p l i c a t i o n s  are: 

CuSO++, Cr&, B iopal  and Oxone. The l a s t  t h ree  are  ox idants .  

Recent o f f -gas ing  work done a t  NFISCI/JSC has shown t h a t  t h e  

ox idants  may increase the number and amount o f  o f f -gass ing 

organic  products. I n  addi t ion,  o x i d a t i o n  of  u r i n e  produces 

v o l a t i l e  organics o f  lawar molecular weight, which tend t o  

be more d i f f i c u l t  t o  remove from t h e  d i s t i l l a t e .  

1 1  



A n t i f n a m i n g  a g e n t s  , t h a t  h a v e  been c!sed i n c l u d e :  SWS 211 a r i d  

DWJ H-10. 

D i s t i l  l a t i o n  tests w e r e  per..forrried or1 urine7. w a s h  w a t e r ,  

a 
and e r s a t z  h u m i  di t y  condensa%e sol u t i  0115 t o  ob1:ai n 

c o m p a r a t i v e  d a t a  on  t h e  a b i l i t y  of v a r i o u s  c h e m i c a l  

p r e t r e a t m e n t s  .to m i n i m i z e  v o l a t i l e  organic carryover. 117 

a d d i  t i an ,  b o t h  s t a t i c  a n d  c h a l l e n g e  t y p e  m i c r o b i a l  s t :c td ies  

w e r e  p e r f o r m e d  t o  d e t e r - m i n e  the e f f e r t i v e r - l e s s  o f  variocr.; 

b i o c i d e s  f o r  u r i n e  and wash water p r e s e r v a t i o n .  

T e s t  P r o c e d u r e s  and Swnmari z e d  R r s u l  ks are  presenked i I? 

4 t h e  f 01 1 owing  p a r a g r a p h s .  

4. 1 . 1 U r i n e  Di s.t i 1 1 a t  i on Tesl r -5 ,  Var i uus urine 

p r e t r e a t m e r i t s  were e v a l u a t e d  t o  d e t e r m i  ne . t h e i  I?. 

e f f: ec t i v e 17 es 5 i n p r o v i d i r i  g a r e 1 at i v e 1 y 1-1 i y h - qr.\ tl4 1 i .t: y, 

, d i s t i l l a t e .  Fuur d i s t i l l a t e  q u a l i t y  c r i t e r i a  w e r e  useid: 

a. A c c e p t a b l e  pti 

b .  Low c o n d u c t i v i t y  < K >  

c .  L o w  ammonia (NHs) 

d .  L a w  t o t a l  o r g a n i c  c a r b o n  (TOC)  

a 

PROCEDURE: U r i n e  f r o m  t h e  a c i d i f i e d  L i r i r i e  pool (3Cl l i t e r  pool 

a c i d i , f i e d  t o  pH = 3 w i t h  H2S0,) w a s  p r e t r e a t e d  u s i n g  the 

f o l l o w i n g  m e t h o d s :  

a. No t r e a t m e n t  

b. 5.0 g / l  Oxune  a d d e d  as a n  o x i d i z i n g  a g e n t  

c.  0 .44 g . / l  C r O s  a d d e d  as an oxidizing agent 
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d. 1.76 g / l  C r  (NOJ) 3.9H=O + 0.18 g / l  CuS04 added a5 

b i  oc i des. 

e. 4.98 g / l  FeSO4.7H=0 added as a reduc ing  agent 

f. S u f f i c i e n t  NaOH added t o  b r i n g  the pH t o  11.5 

150 m l  o f  t h e  sample was placed i n  t h e  f l a s k  (See F i g u r e  4.1-1) 

and d i s t i l l e d  a t  60 degrees C. F i v e  25 m l  d i s t i l l a t e  f r a c t i o n s  

were removed and analyzed f o r  pH, K, NH=, and TC ( t h e  t o t a l  

carbon t e s t  proved t o  be an accurate i n d i c a t o r  o f  TOC, s i n c e  

i n o r g a n i c  carbon was found not to exceed 1 mg/ l ) .  I n  a d d i t i o n ,  

0 

b r i n e  t o t a l  s o l i d  percentage was determined us ing  a re f rac tomete r  

a t  the t ime  o f  removal of each d i s t i l l a t e  f r a c t i o n .  

RESULTS: 

TS% TS% SP 9 

TREATMENT FRACTION ( I n i t i a l )  ( F i n a l )  aH Cond NAs T[= 

0 - 25 m l  3.0 3.9 5.5 1 1  1.7 31 
25 - 50 3 . 9  4.7 5.0 10 0.7 8 

4.7 6.7 4.8 10 (3 I 9 8 
1.2 8 CI 

CONTROL 50 - 75 
75 - 1 0 0  6.7 9.8 4.4 Ll 
100 - 125 9.8 21 4. 5 23 1.3 10 

OXONE 

Cr0 .9  

0 - 25 m l  4.4 4.1 4.6 17 3.4 38 
5.3 4.2 25 2 . 5  23 25 - 50 4.1 

50 - 73 5.3 7. 5 4.1 36 2.2 19 
75 - 100 7.5 13.4 3.9 49 2.5 27 
100 - 125 13.4 48 3.7 76 2.3 38 

0 - 25 m l  3.1 3.6 4.6 12 * 37 
25 - 5C) 7 3.6 4.6 4.7 1 0  t 28 
50 - 75 4.6 6.6 4.4 21 * 17 
75 - 100 6.6 11.0 4.2 29 b 17 
100 - 125 11.0 34 5.9 51 * 2 (:) 

0 - 25 m l  9.2 3.7 5.4 4 1.7 3.6 
C r  (NO3)= 25 - 50 3.7 4.7 4.5 17 1.3 7 

100 - 125 9.7 21 4.1 40 1.1 9 

+ 50 - 75 4.7 6.3 4.3 24 1.1 6 
CUSO- 75 - 100 6.3 9.7 4.1 30 0.9 8 
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FeSOs 

0 - 25 ml 
25 - 50 
50 - 75 
75 - 100 

lot:) - 125 
0 - 25 ml 
25 - 50 

NaOH 50 - 75 
75 - 100 
100 - 125 

1 Interference noted. 

SUMMfiRY AND CONCLUSIONS: 

3.4 
4.1 
5.0 
6.8 
10.2 

5.4 
3.9 
4.9 . 
6 . 6  

1 B . 0 

4.1 4.7 
4.2 3 . (3 

6.8 4.2 
10.2 4.2 
21 4.2 

c 

3.9 11.1 
4.9 10.5 
6.6 10.1 
10.0 1 (:I . 0 
16 io. 0 

12 

26 
31 
42 

310 
79 
31 
27 
28 

-b!= 
Ld 

1.6 2 c:) 
1.0 9 
1.4 9 
1.2 9 
1.6 11 

1500 45 

10 9 
9.3 9 

1 1  1 1  

89 12 0 

The effects on distillate quality of the six pretreatments 

investigated are summarized below by means of averaging the pH, 

Specific Conductance, NHzlz and TC from the fractions collected 

for each pretreatment. 

PRETREATMENT MEAN O F  D I S T I L L A T E  FRACTIONS 
SP 

DH Cond. "3 TC 

a. Control 4.8 1'5 1.2 

b. Ox on e 4.1 41 2.6 

C. Cr 0.5 4.4 25 0 

d .  CrN03  + CuS04 4.5 23 1.2 

e. FeS04 4.3 27 1.4 

f . NaOH 1 0 . 3 95 d L C )  TTr) 

t Interference noted 

Some common patterns were discovered by comparing 

13 

29 

24 

8 

12 

17 

successive fractions from each pretreatment; these patterns 

are not reflected in the means presented above: 

a. pH: In general, distillate pH became more acidic with 

each fraction. 

# 
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b. 

c. 

d. 

S p e c i f i c  Conductance: S p e c i f i c  Conductance increased 

w i t h  each succesrsive f r a c t i o n  (except w i t h  t h e  l a s t  

pret reatment ,  where S p e c i f i c  Conductance was more a 

f u n c t i o n  o f  NH= present ) .  

NH=: Again except f o r  t h e  NaOH pret reatment ,  where NHa 

was i n i t i a l l y  l i b e r a t e d  i n  g r e a t  q u a n t i t i e s  and then 

s t e a d i l y  diminished, t h e  NHa r e s u l t s  fo l l owed  a f a i r l y  

cons i s ten t  pa t te rn ,  i n  t h a t  NHJ s t a r t e d  r e l a t i v e l y  h i g h  

and then dropped, l a t e r  r i s i n g  again. 

TOC: TOC, as a f u n c t i o n  o f  TC, pa t te rned  NHJ by 

dropping f r o m  an i n i t i a l  h igh,  then p i c k i n g  up again 

w i t h  l a t e r  f r a c t i o n s .  There may have been a common 

f a c t o r  under l y ing  b o t h  r e s u l t s ,  a l though TC and NH3 are  

n o t  over lapp ing  analyses. 

I n  conclusion, t h e  e f f e c t s  o f  t h e  s i x  p re t rea tments  

i n v e s t i g a t e d  a re  g iven below: 

a. CONTROL: The unt reated u r i n e  gave a d i s t i l l a t e  w i t h  an 

acceptable pH, S p e c i f i c  Conductance, NHXs and TC; i n  

f a c t ,  compared w i th  t h e  o the r  pretreatments,  i t s  

average S p e c i f i c  Conductance and NH3 were t h e  lowest, 

and average TC second lowest. Seen i n  t h i s  

perspect ive,  any f o r m  o f  pret reatment  i n  a d d i t i o n  t o  

a c i d i f i c a t i o n  should be examined c r i t i c a l l y .  

b. OXONE: The use o f  Oxone, p r e v i o u s l y  considered t o  be a 

u s e f u l  pret reatment  chemical due t o  i t s  s t rong  

o x i d a t i v e  proper t ies ,  should be s t r o n g l y  reexamined i n  

15 
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C: 

d. 

e. 

f .  

l i g h t  o f  t h e  r e s u l t s ,  which show i t  t o  have produced 

the lowest average pH and h ighes t  c o n d u c t i v i t y ,  NH3, 

and TC (except f o r  NaOH, which was never s e r i o u s l y  

considered f o r  pretreatment a p p l i c a t i o n s ) .  Thus, us ing  

our c r i t e r i a ,  Oxone produced t h e  most unacceptable 
0 

d i s t i l l a t e  o f  t h e  f i r s t  f i v e  pretreatments.  

CrOa: Although t h e  CrO= r e s u l t s  were acceptable i n  

t e r m s  o f  pH, conduc t i v i t y ,  and TC ( t h e  NHJ reading was 

in te r fe red ,  p o s s i b l y  w i t h  C r * &  compounds), t h e r e  was 

noth ing discovered which would cause us t o  recommend 

the use o f  t h i s  o x i d i z i n g  agent, s ince  b e t t e r  r e s u l t s  

were obtained w i thout  adding CrOJ. 

C r ( N 0 = ) 3  + CuSO-: These heavy metal compounds were 

considered p r i m a r i l y  as b i o c i d a l  pretreatment.  The 

r e s u l t s  i n d i c a t e  t h a t  t h e  a d d i t i o n  o f  these b i o c i d e s  

produced a d i s t i l l a t e  comparable t o  t h a t  o f  t h e  c o n t r o l  

sample, w i t h  t h e  lowest TC of  t h e  group tested.  Thus,  

i n  terms o f  added pret reatments tested,  t h i s  ranked as 

the best  o v e r a l l .  

FeS04: According t o  the  r e s u l t s ,  t h e  use o f  FeS04 a5 a 

reducing agent produced an acceptable d i s t i l l a t e ,  

although t h e r e  was no th ing  t o  i n d i c a t e  t h a t  i t  i s  an 

improvement over t h e  c o n t r o l  sample. 

NaOH: The a d d i t i o n  of NaOH, forming an a l k a l i n e  b r ine ,  

caused t h e  re lease  of NH3 (as was espected) which 

in f luenced t h e  conduc t i v i t y ;  bo th  NH= and c o n d u c t i v i t y  

(I 
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were much higher in this distillate that any other. 

The clearly unacceptable results demonstrate the 

importance of acidification as an element of 

pretreat men t . 
A s  a final point, it should be noted, at least fr*om 

this initial investigation, that the use of oxidizing agents 

(e.g. Oxone or Cr03) as chemical pretreatments for urine 

produced a more unacceptable distillate (lower pH, higher 

conductivity, NHS, and TC) than the use of pretreatments 

without oxidizing agents, such as the control sample or the 

sample treated with heavy biocides. This finding calls into 

question most of the research on chemical pretreatment for 

urine distillation from the last twenty years, which 

supported the use of oxidizing agents. Additional research 

r e q u i r e d  +or ron+irmation of this point includes at -least 

the following: 

a. Distillation of pretreated urine at higher total solids 

concentrations, i . e .  those more in the probable 

working range of an actual distillation unit (20- 

40%),to establish that the patterns discovered from our 

distillation runs are applicable to those conditions. 

b. Identification o f  major organics found in the 

distillate from each pretreatment. 4 possibility here 

is that the organics in one distillate may be easier to 

remove than those from another distillate, even though 

they are in greater abundance, causing a higher TOC. 

e 
17 





4.1.2 Wash Water Distillation Tests. Distillation tests 

were performed on shower water using the following 

pretreat men t 5 : 

(1) acid plus filtration: acid added as in (2) below 

plus filtration. 

- -  Dosage - - 
ml/1 

2.31 1.25 

uramrj/l 

(3)  acid plus metals: 

Ecatch a i  pr-etr-eatfiient 
- solution - - -  Dosage - - 

a 

0 

i tern - 

i tern - 

TOTAL: 

ctr a m s  ctrams/l ml/1 ml 

272.1 6.81 

(4) acid plus HDABS: 

Batch of pretreatment 
Dosage - - - solution - - I  

ml/1 ctrams ctrams/l ml 

1.6 (3 . 04 
90 92.1 2.31 
5 0 50 .  0 1.25 

TOTAL: 143.7 3.60 2.50 
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I 

The s h o w e r  water w a s  g e n e r a t e d  b y  l a b o r a t o r y  p e r s o n n e l .  

I 

I n d i v i d u a l s  u s e d  a who le -body  s h o w e r ,  consumed  3.8 l i t e r s  of 

d i s t i l l e d  water a n d  u s e d  S h u t t l e  n o n - f o a m i n g  s o a p .  

I t  w a s  f o u n d  t h a t  t h e  a c i d  p l u s  m e t a l s  p r e t r e a t m e n t  (3)  
a 

c a u s e d  f l o c c u l a t i o n  a n d  p r e c i p i t a t i o n  o v e r n i g h t .  Add ing  

o n l y  a c i d  (2) c a u s e d  p r e c i p i t a t i o n  a f t e r  s e v e r a l  d a y s .  

A d d i n g  a c i d  p l u s  HDAB (4 )  c a u s e d  less p r e c i p i t a t i o n  t h a n  

a c i d  a l o n e .  

T h e  s h o w e r  water h a d  a T o t a l  O r g a n i c  C a r b o n  (TOC) 

(I 
c o n t e n t  o f  304 m g / l .  A iX) m l  q u a n t i t y  w a s  d i s t i l l e d  w i t h  

p r e t r e a t m e n t s  ( I ) ,  (2) a n d  ( 3 ) .  D i s t i l l a t i o n  p r o d u c e d  125 

in1 of  d i s t i l l a t e  a n d  25 m l  o f  wash water c o n c e n t r a t e s .  T h e  

d i s t i l l a t e s  h a d  t h e  f o l l o w i n g  TOC values: 

T r e a t m e n t  ( 1 )  T r e a t m e n t  (2 1 T r e a t m e n t  (5) 
a c i d  + f i l t r a t i o n  a c i d  o n l y  a c i d  f m e t a l s  

TOC, mg/l  2.6 2. b 17.7 a 
6.7 ( r e p e a t )  

A d d i t i o n  of  a n  a n t i - f o a m i n g  a g e n t  w a s  n o t  

n e c e s s a r y .  The  e l e v a t e d  TOC v a l u e s  f o r  T r e a t m e n t  (3 )  

c a n  n o t  b e  e x p l a i n e d  b u t  may b e  d u e  t o  e n t r a i n m e n t .  

More t e s t i n g  is i n d i c a t e d .  a 
M i x t u r e  of Shower  Water a n d  U r i n e .  

A m i x t u r e  of s h o w e r  water a n d  u r i n e  (2:i  b y  v o l u m e )  w a s  

d i s t i l l e d  f o r  t w o  p r e t r e a t m e n t s ,  a c i d  p l u s  m e t a l s  (3)  a n d  

a c i d  p l U 5  HDAB ( 4 ) .  150 m l  of m i x t u r e  w a s  d i s t i l l e d  t o  

20 
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produce 125 m l  o f  d i s t i l l a t e .  The r e s u l t s  a re  presented 

b e l  ow. 

pH, pH u n i t s  
Sp. Cond. , umho/cm 
NHJ, mg/l 
TOC, m g / l  

a 

Treat men t ( 3 1 
ac id  + metals 

4.4 
9.4 
(2.88 
10.7 

Treatment < 4 1 
a c i d  + HDAB 

4.8 
6.8 
0.47 
7.1 

Both o f  these d i s t i l l a t i o n s  produced a water s i m i l a r  i n  

TOC l e v e l s  t o  the  water produced from lO(:)% u r i n e  (TOC = 8 t o  

1G m y i i ) .  Specific r ~ n d u c t a n c e  and ammonia level5 were 

lower than i n  d i s t i l l a t e s  f rom 1C)C)X ur ine .  Anti foam had t o  

be used w i t h  both pretreatments. I n  p r e v i ~ c i ~ j  t e s t s  ant i foam 

had no t  been necessary w i t h  u r i n e  u n t i l  concent ra t ions  of  Si) 

per cent  s o l i d s  and a lso  had no t  been necessary w i t h  wash 

water con ta i  n i  ng t h e  nun-f oami ng soap. 

It is i n t e r e s t i n g  t h a t  t!?e a c i d  +. I-iDAE pre'treatmen.t 

produced b e t t e r  r e s u l t s  than t h e  ac id  -t meta ls  pretrea.tment. 

It i s  f e l t  t h a t  more t e s t i n g  should be d o n e  be fo re  drawing 

any conclusions. Espec ia l l y  s ince  t h e r e  i s  no apparent 

exp lanat ion  f o r  t h e  b e t t e r  per-formance o f  HDAB. 

CONCLUS I ONS: 

Eased on these t e s t  r e s u l t s 9  i t  appears t h a t  a c i d  p l u s  

I-iDAB (4 )  i 5  t h e  be5.t pretreatment f o r  wash water and 

mix tu res  o f  wash water and ur ine .  Th is  pret reatment  

produces t h e  b e s t  d i s t i l l a t e  w i t h  t h e  loWe5t dosage of 

pretreatment so lu t i on .  Should i t  prove necessary f o r  

21 



microb io log ica l  c o n t r o l  t h e  amoun t  of HDAB c o u l d  b e  

s i c ~ n i f  i c a n t l y  i n c r e a s e d  fr-om i k s  p r - e s e n t  d o s a g e  l e v e l  of 

0.04  g / l  w i t h  minimum w e i g h t  p e n a l t y .  

F u r t h e r  i n v e s t i g a t i o n s  ar-e p l a n n e d  i n  t h e  P h a s e  I 1  

e f f o r t .  Greater  d o s a g e s  o f  tiDAI3 w i l l  b e  e x p l c r e d  a n d  n e w  

b i o c i d e s  w i l l  be i n v e s t i g a t e d  a n d  c o m p a r e d  t o  a c i d  p l u s  

metals ( 3 )  a n d  a c i d  p l u s  HDAEi (41. T h u s  t h e r e  w i l l  b e  new 

d a t a ,  w h i c h  are e x p e c k e d  t o  v a l  i d a t e  kI-lese results a n d  

c o n f i r m  , t h e  r e c o m m e n d a t i o n  of a c i d  p l u s  t-IDAB. 

4. 1.3 E r s a t z  H u m i d i t y  Condens-GL-e D i s t ~ . 1 1 a . t i - O ! l - - r ~ - ’ r 3 ~ ~ ~ _ ,  A 

b a t c h  cd e r s a t z  h u m i d i  t y  c o n d e n s a t e  w a 5  p r e p a r e d  arid 

d i s t i l l e d  w i t h  a n d  wi.thou2: p r e t i r e a k r n e i i t .  T h e  e r s a t z  m i x t u r - u  

is shown i n  T a b l e  4.1-1 b e l o w .  T h i s  f a r m u l a t i o n  is  d e r i v e d  

f rorn . t h e  E u r o p e a n  Space Lab Data a n d  i\li?(SA--JSC BENDS Cl-iarnber 

Data. T h e  O c t a n o i c  a c i d  r e p r e s e n t s  a l l  o f  t h e  f:att .y a c i i d s .  

a 
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TABLE 4.1-1 ERSATZ HUMIDITY CONDENSATE 

USED IN DISTILLATION TESTS 

C o n  c e n  - 

rrrq ; 1 weisht w e i  uht_ C o n s t i t u e n t  m l / 1  I.I.. 

e 144.2 76 O c t a n o i c  Acid 2 0 (3.862 1‘7.24 

Mol ecul ar- C a r b o n  Amount Sp gr t r a t i u n  C a r b o n  
ntCIi1 

1 l .S  

-..“ 

CHS ( C H z )  aCOzH 

1-i 58.1 413 A c e t o n e  .:n (2 . 799 . a. 40 L. 0 - 
CHSCO CHS 

60. 1 36 I sopr op y 1 1 o. 788 .79 - 5  
A 1  c o h o 1  

CHsCHOH CHS 

C a l c u l a t e d  C a r b o n  =2. 14.0 

This m e a s u r e d  TOC v a l u e  o f  14.3 m g / l  checks v e r y  

c l o s e l y  w i t h  the c a l c u l a t e d  v a l u e  of 14.0 t n y / l .  

e 



a 

"The r e s u l t s  o f  t h e  d i s t i l l a t i o n  tests are p r e s e n t e d  i n  

T a b l e  4.1-2. 

TABLE 4.1-2 DISTILLATION OF ERSATZ 

HUMIDITY CONDENSATE 

w i  thuut p r e t r e a t m e n t :  arnoitn t of 1 i q u i  d , m l  
PH 

M - l ~  , r r r q  i 1 

Sp. Cond umho-cnr-'l 
TOC, mq/l 

w i t h  C r r r r  4- CUT* + 
t.i&04 : amourit  of 1 i q u i  d , m l  

P t.4 
Sp . Cond c.crnRo--cin- 
TOC, mgi1 
NIi3 , rriy i I 

w i t h  HDAB -I- t-laS04: amoun t  of: 1 i q u i d  m1 
P 1-l 
Sp.  C ~ n d  , umho-cin-i 
T O E ,  m j i l  
Nti:,, my/l 

- V a l u e s  - 

I n  d i s t i  11 i n g  t h e  e rsa tz  h u m i d i t y  c o n d e n s a t . e  w i t h  rtcl 

p r e t r e a t m e n t ,  t h e  .first 460 m l  o f  d i s t i l 1 a t . e  . f r o m  the 1(3:)(2 

ml charge  h a d  a l i t t l e  over o n e - h a l f  t h e  TOC arid NH.-lr 

c o n c e n t r a t i o n  a+ t h e  r a w  c h a r g e .  C o n t i n u e d  d i s t i  1 ? a t i u n  

would  p r o b a b l y  have p r u d u c e d  p r o p o r t i o n a t e l y  h i g h e r  

c o n c e n t r a t i o n s  o.f TOC al?d Nki3 in .the d i s t i l l a t e  d u e  tu .the 

h i j h e r  c o n c e n t r a t i o n s  b u i l d i n g  LIP in t h e  charge.  . 

F r e k r e a t m e n t  w i t h  C r I I I  + C u x l  + H2S04 increased t i l e  

5peci.f ic ctmductance of t h e  r a w  c h a r g e  .froirl 15 t o  3, 79C! 



umho-cm-+ a n d  l o w e r e d  t h e  pH f r o m  l C ) . ( I  t o  1.9. The TOC and  

e 

NHs c o n c e n t r a t i o n s  were n o t  c h a n g e d .  T h e  f i r s t  640 m l  o f  

d i s t i l l a t e  from t h e  l,O(:)O ml c h a r g e  c o n t a i n e d  no m e a s u r a b l e  

NH3. However ,  t h e  TOC w a s  20 mg/l. T h i s  is h i g h e r  .I:han . t h e  

i n i t i a l  m e a s u r e d  TOC c o n c e n t r a t i o n  i n  t h e  c h a r g e  (15.7 

m g / l ) .  O b v i o u s l y ,  the a c i d i f i c a t i o n  p r - o c e s s  i n c r e a s e d  t h e  

v o l a t i l i t y  o f  t h e  d i s s o l v e d  o r g a n i c s .  

P r e t r e a t m e n t  w i t h  HDAB + H a S 0 4  i n c r e a s e d  t h e  s p e c i  f i c 

c o n d u c t a n c e  o f  t h e  raw c h a r g e  frutri  15 t o  6,800 umho-cm-l a n d  

iij.wered &I-, ,u L 

measured TOC f r o m  14.3 t o  31.4 d u e  t o  t h e  a d d i t i o n  o f  HDAE. 

LIIC p l l  lrOm IO.!> c,= 2.7. It SlSO inrres.sed t he  

T h e  f i r s t  690 m l  of d i s t i l l a t e  f ro rn  t h e  1 7 ( X ) 0  r n l  charye 

c o n t a i n e d  n o  measurable  NH3. T h e  TOC was 2O.C! rcig/l, j u s t  as 

i t  w a s  w i t h  .the C r I E r  -k C u x x  + H2SU4 p r e t r e a t m e n t .  T h i s  

wou ld  i n d i c a t e  t h a t  t h e  HOAB is p r o b a b l y  n o t  v o l a t i l i z i n g  or 

othef-wise s+ fec t i ;>g  the d i s t i l l ~ t i g n  process, Thic ,  I r e s t  

a p p e a r s  t o  c o n f i r m ,  t h a t  t h e  a c i d i f i c a t i o n  p r o c e s s  i n c r e a s e s  

t h e  v o l a t i l i t y  of t h e  d i s s o l v e d  o r - q a n i c s .  

EONCLUSION: 

B a s e d  o n  t h e s e  tes ts  i t  is coIic1~1cled ttiat. the 

a c i d i f i c a t i o n  p r e t r e a t m e n t s  that h a v e  b e e n  d e v e l o p e d  f u r  

u r i n e  a n d  wash water are n o t  a p p r o p r i a t e  f u r  h u m i d i t y  

c o n d e n s a t e ,  a s  f a r  as o r - y a n i c s  ar-e c o n c e r n e d .  T h e y  d u ,  

h o w e v e r ,  t i e  LIP t h e  ammonia i n  h u m i d i t y  c o n d e n s a t e .  B e f o r e  

i t  wou ld  m a k e  5 e n 5 e  t o  m i x  h u m i d i t y  c o n d e n s a t e  w i t h  e i t h e r  

wash water or u r i n e  fo r  d i s t i l l a t i o n ,  f r o m  t h e  p o i n t  o f  v i e w  



of removing organics, some kind of new pretreatment would 

have to be devised to tie up the organics without 

detrimental effects on the wash water or urine when mixed 

with them. At this time no appropriate approaches are 

evi dent. 

Considering the current state-of-the-art, it appears 

that the lowest penalty approach to purification of humidity 

condensate would be to forego a distillation step and go 

directly to post-f iltration. Such post-f iltration could in 

some manner be combined or integrated with the post- 

filtration of urine and/or wash water distillate. 

4.1.4 Microbial Testina. Tests were performed to assess 

the effectiveness of  selected chemical pretreatments in 

preventing microbiological growth in acidified urine (urine 

acidified to a p H  of approximately 3 by addition 0.f  1.25 

ml/l of H&04) and shower wash water. 

4.f.4.1 Urine Stability TestinQ. 20 ml samples of 

acidified urine (1 .25 ml/l of  H2S04) were checked for 

stability after thirty days under the following conditions: 

a) Acidified urine at 2" C 

b) Acidified urine at 250 C 

c) Acidified urine -t 1.76 g/l Cr(NOs)s.9H20 and 0.18 

y/l CuSO+.SH=cO stored at 25" C (room temperature). 

The chromiiims and copper compounds were added as biocides 

a 

(I 

with the following results: 
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0 

SfiMPLE TIME 

U R I N E  ( 2  c )  I n i t i a l  
F i n a l  

URINE (25 C) I n i t i a l  
F i n a l  

e 
U R I N E  f EIOC. I n i t i a l  

F i n a l  

a 

V I S U A L  OBSERVAT I O N S  
I1H MICRO COUNT SOLIDS COLOR c LE k R bl E 9 s  

2.  8 .< i C K I / m l  n o n e  y e 1  1 o w  c lear  
2 .  9 3 7 0 0 / t n l  y e a s t  o n l y  y e l l o w  c lear  

SUMMARY AND CONCLUSIONS: 

From t h e  p r e c e d i n g  o b s e r v a t i o n s ,  t h e  ma in  .factor- w h i c h  

c o u l d  p o t e n t i a l l y  a f f e c t  t h e  s t a b i l i t y  of a c i d i f i e d  u r i n e  

wou ld  b e  m i c r o b i a l  g r o w t h .  An o r g a n i s m  i d e n t i f i e d  as a 

y e a s t  b e g a n  g r o w i n g  i n  t h e  a c i d i f i e d  u r i n e  p o o l  (25 d e g r e e s  

C) s a m p l e  a b o u t  h a l f w a y  t h r o u g h  t he  t e s t i n g  p e r i o d .  The  

t w o  m e t h o d s  o f  p r e s e r v a t i o n  i r - i v e s t i q a t e d ,  r e f r i g e r a t i o n  arid 

a d d i t i o n  of  b i o c i d e s ,  b o t h  p r o v e d  c a p a b l e  o f  c o n t r o l l i n g  

m i c r o b i a l  g r o w t h .  

4. i.4.2 U r i n e  Bac-,ia C h a l l e n Q e  T e s t i n q .  T e s t i n g  w a s  

p e r f o r m e d  t o  deterrni n e  i f  b a c t r r  i a c o u l d  s u r - v i  ve  i 17 the 

a c i d i f i e d  u r i n e  p o o l  w i t h o u t  t h e  a d d i t i o n  o f  a b i o c i d e .  Xi 

m l  s a m p l e s  of t h e  a c i d i f i e d  u r - i n e  p o o l  w e r - e  seeded ta 

p r o d u c e  a 104 b a c t e r i a l  d e n s i t y  w i t h  a) D I  water, 

b) F s e u d o m o n a s  a e r u c l i n o s a ,  a n d  c )  S t r e o t o c o c c u s  +aeca l i s .  

P l a t e  c o u n t s  were p e r f o r m e d  a t  0 h o u r s  and 24 h o u r s  un t h e  

5 a m p l e s  w i t h  t h e  f o l l o w i n g  r e 5 L t l t 5 :  
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PSEUDO.  

STREP. 

TIME 

0 h r  
24 h r  

C! h r  
24 h r  

COUI\lT/ML 

. " . l _ " ^ ~ - l _ _ . - - . .  SUMMARY f i rm CONCLUS I or= 
I t  i s  O ~ V ~ O L I S  t h a t  t h e  c h a l l e n g e  o r g a n i s m s  s e l e c t e d  d i d  not 

sur-v i  ve i n  pH3 urine; o n 1  y S t r e p t o c o c c c i s  faecal is survived 

t h e  few m i n u t e s  b e t w e e r t  s e e d i n g  a n d  s a m p l i n g ,  b u t  i t  too  was 

g o n e  by 24 hour-s. 
e 

T h e s e  resu l t s  w e r e  d i s c u s s e d  w i t t i  a m i c r o b i c l u g i s t  a t  

O r e q o n  State U n i  v e r s i k y ,  who c o n c u r r e d  wi.tl-\ our sus-giciaii 

t h a t  n o  b a c t e r i a  common t o  human f l o r a  would s u r v i v e  i n  such 

a c i d i c  c o n d i t i o n s .  He recommended WE? i n v e s t i g a t e  .the 

s u r v i v a l  rates 0-6 f u n g i  marly ut: w h i c h  P J U U ~ ~  t t i r i v c  unde r .  

. t h e  salite 1: ond i .t i on ~3 . 
T h e r e f o r e ,  i n  terms o f  b i o c i d a l  t r e a t m e n t  ot: a n  

aci  d i +  i r d  u r i n e  p o o l  , b a c t e r i  a1 chal 1 enge o r - g a n i  s,ms pose n o  

t h r e a t ;  b i o c i d a l  d o s a g e s  s h o u l d  be ' i n v e s t i y a t . e d  i n s t e a d  an 

c h a l  lenge o r g a n i s m s  t h e n  bac te r i a .  Tests  w e r e  c o n d u c t e d  c ~ n  

a c i d i +  i ed urine p r - e t r - e a t e d  w i t h  1 )  Oxone ,  2 )  CY-+++ and CLI++? 

and 3) HDCSE, w i  t h  t .he  f 01 1 o w i n g  r - e s u l  k 5 .  
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Ox one. 

25 ml sample of acidified (1.25 g/l HaSO4) urine plus 5 

g/l Oxone were seeded to produce a 10J/ml density of the 

following organisms: 

a) Pseudomonas aeruai nosa 

b) Streptococcus faecalis 

c) Asoerctillus nioer ( A  fungal organism) 

Plate counts were performed on Pseudomonas and 

Streptococcus samples after 48 hours in plate count agar at 

35" C and on the AsPersillus sample after 5 days in 

Saboraud's agar at 20" C with the following results: 

SAMPLE PSEUDO. SEED STREP. SEED ASPEH. SEED NO SEED 

CONTROL (1.0 x lo= (1.0 x 10" 7.0 x lo= .<1.0 x 10" 
URINE+OXONE (1.0 x lo= <:1.0 x 10" (1.0 x IC)= .:1.0 x 1 0 2  

SUMMARY AND CONCLUSIONS: 

The control sample indicates that the challenge 

bacteria used do not thrive in pH 3 urine, but the fungus 

does. A 5.0 g/l dosage of Oxone was sufficient to k i l l  this 

fungus in the urine. 

Cr+++ and Cu++. The pretreatment formula of C r  (NO3) . 9 H 4  

(mol wt = 400) plus CuS04.5H-sO ( m o l  wt = 250) was added to 

acidified urine to produce 0.001, 0.005, 0.01 and 0.02 molar 

concentrations. These concentrations were then seeded with 

enough AsDerQillus niaer. a fungal organism, to produce 
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a p p r o x i m a t e l y  10" o r g a n i s m s  per m l .  Growth  o c c u r r e d  i n  t h e  

a c i d i f i e d  c o n t r o l  a n d  c a u s e d  i t  t o  d e v e l o p  a d i s a g r e e a b l e  

o d o r .  Growth  o c c u r r e d  much more s l o w l y  or n o t  a t  a l l  i n  

t h e  C r I ' I  + C u I 1  t r e a t e d  s a m p l e s  a n d  e v e n t u a l l y  t h e  mold 

p o p u l a t i o n  d i e d  o u t  i n  t h r e e  of t h e  f o u r  s a m p l e s .  No 

d e t e c t a b l e  u r i n e  d e t e r i o r a t i o n  w a s  o b s e r v e d  i n  any of t h e  

samples. T h e  d a t a  are s u m m a r i z e d  b e l o w .  

MOLD PLATE COUNTS FOR ACIDIFIED URINE TREATED WITH 

T i  m e  C o n t r o l  0 .  001M//1 C ) . O Q 5 M / 1  0 .  0lM/1 0. 0 2 M / 1  
(.655/1) ( 3 . 2 5 y / l )  (6.259/1) ( 1 3 . 5 g / l )  

These d a t a  i n d i c a t e  t h a t  t h e  metals t e n d  t o  p r e v e n t  

mold g r o w t h  a n d  g r a d u a l l y  k i l l  o f f  s p o r e s .  

H e x a d e c v l t r i m e t h v l  Ammonium B r o m i d e  (HDAE) 

A c i d i f i e d  u r i n e  w a s  t r e a t e d  w i t h  1 m l / l  of  a 4% 

s o l u t i o n  o f  HDAE a n d  s p i k e d  w i t h  t h e  JSC mold c u l t u r e $ ,  a s  

w a s  a metals t r e a t e d  s a m p l e  a n d  a c o n t r o l .  T h e  r e s u l t s  are 

s u m m a r i z e d  b e l  o w .  

!#Tr i chode rma  

a 

0 

(I 



a 
T i  m e  
*.7 

Bacteria and Mold P l a t e  Counts  for Spiked a c i d i f i e d  Ur ine  

Treated w i t h  CrXzf + Cufz and Hexadecyl tr imethyl  

Ammonium Bromide (HDAB). 

a c i d i f i e d  C r  I I+Cul  I HDAB 
o n l y  (3.005 m/l 1 m l / l  0.f 4% 
cont ro l  3.25 s/l -- 

Bac ter i a/Mol d B a c t e r - i  a/Mol d E a c t e r  i ait-lol d 

TNTC/TNTC TNTCi 1 1 / ?:I 

t h a n  t h e  m e t a l s  t r e a t m e n t  *for u r i n e .  S h o w e r -  water w a s  

24 h r  

l a  clay 

eval  c t a t e d  w i t h  n a t u r a l  f i ura w i  . th  t h e  $01 1 u w i  rig r-esu1 -ts. 

Bacteria and M o l d ’ P l a t e  Counts f o r  F l c i d i f i e d  Shower Water 

(1.25 m l / l  H&04) t r e a t e d  wi th  C r x x x  + C u f f  and 

Hexadecyl tr imethyl  hmonium B m m i d e  !HDAE! . 

a c i d i f i e d  C r  I I z + C ~ t *  HDAEi 
on l y  (1). (:)05 m/ 1 1 wl/l of 4% 
c o n t r o l  3.25 Q / l  - 

E a c t e r i  a/Mol d B a c  ter i a/Mol d Bacteri a/Plol d 

T h e s e  resul ts  i n d i c a t e  t h a t  i n  shower water, t-lEAS is 

n o t  as good a m o l d i c i d e  as t h e  metals. T h i s  is p r o b a b l y  

because s o a p  t e n d s  t o  i n a c t i v a t e  HDCiB. Clowevey., it. a p p e a r s  

t u  i n h i b i t  m i c r o b i a l  g r o w t h  s u . f f i c i e n t 1 y  t o  be an e f f e c t i v e  

3 1  



p r e t r e a t m e n t  a g e n t .  I t  c a n  a l w a y s  be used a t  a h i g h e r -  

concen t r a t ion ,  w h i c h  (nay b e  n e c e s s a r y  ? - ~ i , L h  other c l e a n s i ~ g  

aqents o r  h i q h e r  c o n c e n t r a t i o n s  o f  t h e  s h u t t l e  i7on.f o a t n i i i g  

soap. 

4. 1.5 ConclL!,Sion. B a s e d  o n  .the f o r e g o i n g  d i s t i l l a , k i a n  

tests and m i c r o b i a l  t r s t i n y  . t h e  f u 1 1 u t 4 i n g  c o r i c l u s i o n s  art? 

a 

H&U4 e f f e c t i v e l y  b i n d s  f r e e  ammonia  p r e s e n t  i n  

s o l u t i o n  w h i c h  m i n i m i z e s  c a r r y o v e r  i n  t h e  

d i s t i l l a t e  phase. 

H&04 a d d i t i o n  t o  lower s o l u t i o n  pH t o  

a p p r o x i m a t e l y  3 i n  wash  water a n d  u r i n e  

e f f e c t i v e l y  el i r n i n a t e s  b a c t e r i a l  gr-uw'th but do<zs 

n o t  el i mi n a t e  f ciriqal g r o w t h .  

T h e  a d d i  t i o n  o f  I i ez : adecy l t r - i~ r~e th~ i / l  A i n r n o n i u m  

B r o m i d e  (HGAE;) t u  acidified u r i n e  a n d  Wds1-i water. 

s o l u t i o r i s  e f f e c t i v e l y  I imit b a c t e r i a l  acid f u r i g a l  

y r o w t h .  

T h e  a d d i t i o n  o f  C r - I I I  + C U I '  i C r ( l ' \ 1 O 3 ) . C t . i ~ O  -1- 

CuS04. 51izO) to a c i d i f i e d  u r i n e  and 4 . ~ a s t 1  water- 

e f f e c t i v e l y  limits b a c t e r i a l  arid f u n g a l  g r o w t h .  

Wash w a t e r  and rn ix tu r -e  o f  wash  water and u r i n e  

t r e a t e d  w i t h  HDAE{ a p p e a r  t o  p r c j d u c e  b e t t e r .  

d i s t i l l a t e  than w h e n  t r e a t e d  w i k h  C r X I 1  a n d  C u I 1 .  

TI7 e ox i d i z i n 

e i f e c t . i v e  i n  b a c t e r i o l o g i c a l  c u n t r - o l  , p r o d u c e  

a 

p r e t  r- e a t  m e n  Zr c ti em i c a 1 s , a 1.4. h ciug h 

7 7 7  .._I L 
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e 

poorer qual i t y  d i  sti 11 a t e  t h a n  e i t h e r -  I-IDAEi or- 

C r  I + C U I  E c h e m i c a l  p r e t r e a t m e n t s .  

7) The  a c i d i f i c a t i o n  of e r s a t z  h u m i d i t y  c o n d e n s a t e  

i n c r e a s e d  t h e  v o l a t i l i t y  0.f d i s s o l v e d  o r g a n i c s .  

4.1.6 Recommendat ion.= T h e  wash  water a n d  u r i n e ,  

p r e t r e a t m e n t  w i t h  HzS04 a n d  H e x a d e c y l  t r - i  m e t h y l  Ammonium 

B r o m i d e  (HDAB) q i v e s  opt imum r e s u l t s  i n  t e r m s  OC microbial  

con t ro l  a n d  d i s t i l l a t e  q u a l i t y .  More t e s t i n g  s h o u l d  b e  

c o m p l e t e d  w i t h  h i g h  dose ra tes  UC I-IDAEI t o  e n s u r e  

s a t i s S a c t G r y  n = ' + ~ r m a c c e  I-'. shr lu ld  h i ~ h  clnses b e  r e q u i r e d  Cor 

m i c r o b i a l  c o n t r o l  i n  extreme cases. 
- 

A d d i t i o n a l  r e s e a r c h  s h o u l d  b e  p e r . f u r m e d  t o  can+ i i - i n  t h e  

r e s u l t s  of t h i s  i n v e s t i g a t i o n  that c o n c l u d e d  t h a t  non-. 

o x i d i z i n g  a g e n t s  o u t p e r f o r m e d  u x i d i z i n g  agents f o r  u r i n e  

p r e t r e a t m e n t .  T h i s  is  c o n t r a d i c t o r y  t o  most r e s e a r c h  i n  

t h i s  area t h a t  h a s  b e e n  p e r f o r m e d  o v e r  t h e  l a s t  20 y e a r s .  

T h e  p r e t r e a t m e n t s  i n v e s t i g a t e d  i n  t h i s  s t u d y  are  n u t  

s u i t a b l e  .for h u m i d i t y  c o n d e n s a t e .  Some n e w  f o r m  uf 

p r e t r e a t m e n t  n e e d s  t o  b e  d e v e l o p e d  b e f o r e  h u m i d i t y  

c o n d e n s a t e  c o u l d  b e  mixed w i t h  u r i n e  or' wash w a t e r  p r i o r  .to 

d i s t i l l a t i o n .  A b e t t e r  a p p r o a c h  a t  t h i s  t i m e  wou ld  b e  t o  

f o r e g o  t h e  d i s t i l l a t i o n  s t e p  w i t h  h u m i d i t y  c o n d e n s a t e  and go 

d i r e c t l y  t o  t h e  p o s t - f i l t r a t i o n  step i n  t h e  p u r i f  i c a t i u u  



4 2 r = n o c - ~ ~ , a t i o n / C ~ ~ ~ ~ ~ ~ ~ , ~ - ~ - ~ - - o n  / P l ~ - ~ ~ - ~ ~ j - ~ ~ ~ ~ ~ ! ~ . ~ ~ : ~ ~ . - : ,  

S o m e  s o u r c e s  c o n c l  u d e  t h a t  f 1 ocrul  a t i  orr:'coag~t1. at i c)r) 

w i  th i n o r g a n i  (: m.11 .ti v a l  errt-. i UnS r-efnOveEj s ~ t ~ p e ~ - \ d e d  t ip - jan i  ~5 

( I r u r b i d i t y  and  c o l l o i d a l  m a t t e r )  $row w s t e r  b u t  v e r y  . f e w  

d i s s o l v e d  o r g a n i c s .  However o n e  S o u r c e  c c s n c l u d e s  t l 1 a . k  

FeC13 c a n  b e  n e a r l y  a s  e f S e c t i v e  a5 a c t i v a t e d  cat-.tsori i ! i  

o r - q a n i r  r e m o v a l  i n  s a m e  ca5e5. Another 5 0 u r c e  cur i c l   ides 

tha t  c a t i o n i c  s u r f a c t a n t s  are e f f e c t i v e  b a c t e r i c i d e s ,  are 

c o a g u l a n t s  of c l a y  a n d  co lor ,  a n d  r e m o v e  c,c)me s u l u b l e  

o r q a n i c  m o l e c u l e s ,  e . g .  humic  ac id  a n d  l i g n i n .  Based on 

these f i n d i n g s  i t  w a s  f e l t  t h a t  floccL(lation/coagulaticsn 

i n i g h t  b e  e f f e c t i v e  i n  u r i n e  p r - e t r e a t t n e n t  and p o s s i b l y  i n  

p o s t  t r e a t m e n t .  T h e r e f  ore rLtt-s;ory i n v e s t i  g a t i  i3ns w e r e  

coiiducl-.ed i n  w h i c h  i t  was . f irst  f o u n d  . t h a t  b o t h  alum and 

d o e s  n o t  e f f e c t i v e l y  remove ,the v o l a % i  l e  c ~ r g a n i c s  04 

4 

4 

i n t . e r e s t ,  a l t h o u g h  i t  does remove a s i g n i f  icarit  por t i o r r  0.f 

t h e  n o n - v o l a t i l e  (31-ganics f r o m  u r i n e .  

G descr i p t  i o n  of .the t e s t  p r o c e d t t t - e s  ar?d r e s c t l  t s  i i t " f  

p r e s e n t e d  i n  t h e  ,fol 1 o w i n g  p a r a g r a p h s .  



e 

e 

a 

4.2. 1 E x p l o r a t o r y  Tes:ktL The  p u r p o s e  of these e x p l o r a t o r y  

t e s t s  was t o  assess t h e  i m p a r t  of  v a r i o u s  c h e m i c a l  

c o a g u l a n t s  upon the s o l i d s ,  o d o r  arid a p p e a r a n c e  of  u r i n e ,  as 

a method of s c r e e n i n g  these c o a g u l a n t s  as p o s s i b l e  e l e m e n t s  

i n  c h e m i c a l  p r e t r e a t m e n t  o f  u r i n e  p r i o r -  .to d i s t i l l a t i o n .  

S i n c e  r e d u c t i o n  o f  v o l a t i l e  o r q a n i c s  is a p r i m a r y  g o a l  r?f  

c h e m i c a l  p r e t r e a t m e n t ,  an  e f f e c t i v e  c h e m i c a l  c o a g u l a n t  wou ld  

p r e s u m a b l y  reduce u r i n e  t o t a l  s o l i d s  a n d  o d o r  i f  i t  w e r e  

r e m o v i  rig o r g a n  i cs . 
The pr r rced~! re  cnnsisted ot: adding F e C l = ,  dlurrr a n d  lime 

i n d i v i d u a l l y  t o  t h e  a c i j i f i d  u r i n e  p o o l  5 a m p l e s  at a 

c o n c e n t r a t i o n  of 2 g / 1  o f  u r i n e  arid mixed  t h c r r a u g h l y .  The  

a c i d i f i e d  u r i n e  p o o l  c o n s i s t e d  of  52 l i t e r s  of  urine 

a c i d i f i e d  w i t h  2 .3  g o f  HaS04 p e r  l i t e r -  of u r i n e  a n d  stcx-ed 

at 2 degrees  C. The  t o t a l  s o l i d s  p e r r e n t a $ ] e  (mea5ur-ed w i t h  

a r e f r a c t o m e t e r ) ,  o d o r ,  a n d  a p p e a r a n c e  u-f t h e  t h r e e  

m i x t u r e s j ,  as w e l l  as a c o n k r o l  s a m p l e  f r o m  t h e  u r i n e  p o o l ,  

w e r e  r e c o r d e d  a f t e r -  f i v e  m i n u t e s .  The  r e s u l t ~ j  are  

s u m m a r i z e d  i n  T a b l e  4.2-1. 

T W L E  4.2-1. EXPLORATORY FLOCCULATION/COAGULATION TESTS 

TREATMENT TOTAL SOLIDS% 

C o n t r D l  3 .  1 

FeCl.3 3 .  1 . 
7 

T 

A 1  urn 

L i m e  

3. i 

3 . 3  

ODOR flPFEfl52_NCg- 

N o r m a l  C1  ear 

S l i g h t l y  L e s s  P r - e c i p i  t a t e  a t  
b u t t  OK! 

31 i y h  t 1 y Less C 1  ear 

N o  c h a n g e  F r e c i p i t a t e  a t  
bot tom 



The t o t a l  d i s s o l u t i o n  o f  e a c h  c o a g u l a n t  a t  2 gj'l 

concentrat:ion wou ld  t t 1 e o r u t : i c a S l y  i n c r e a s e  t h e  t o t a l  sol i d s  

by (3 .2%.  O f  t h e  3.1;; t o t a l  s u l i d s  i n  t h e  o r i g i n a l  u r i n e  

p o o l  s a m p l e ,  cirily 0.8% represent t h e  d i s s o l v e d  organic . :  

p o t e n t i a l l y  r e m o v a b l e  b y  c h e m i c a l  c o a g u l a t i o n ;  .the r . e m a i r i i n y  

2 . 3 %  c o n s i s t  0.f N a C l  and urea. Seen i n  t h i s  pet-spec't ive-, it 

~ o u l d  b e  c o n c l u d e d  t h a t  b o t h  F d l s  a n d  a l ~ t n i  removed as much 

a s  25% (0.2% o u t  o+ i:).E3%) of t he  .karqe . t  g r o u p .  T h e  iadr l i . t ior \  

w f  t h e  coagu lan t  masks t h i s  p o i n t :  i n  ttte t o t a l  s o l i d s  

a n a l y s i s  ( i  .e. , 3. 1% t C Y t i A l  solids +- 0 . 2 X  cwagu1.ant -- O " 2 X  

o r g a n i c s  = 3.1%). U s i n g  the s a m e  r e a s o n i n g ,  i t  can b e  

c o n c l u d e d  t h a t  the a d d i t i o n  a f  lime + a i l e d  to r-cmove 

o r g a n i c s  as i n d i c a , t e d  b y  the i n c r e a s e  i n  t o t a l  r jc3l ids  .from 

3.1% .to 3 . 3 % .  

0 

The  odor d e c r e a s e d  s l i g h t l y  + o r  FeCl- a n d  a l u m  

.trea.tmen% b u t  n o t  f o r  1 i in@. T h i s  tends to s u p p o r - t  tire a b u v e  

i n t . e r p r e t a t i  o n  t h a t  FeCl  and a1 L ~ F T I  rernnved o r g a r t i  c 5  b u t  1 i me a 

d i d  n o t .  

E a s e d  on t h i s  e x p l o r a t o r y  work: i t  was, recommended . t h a t  

FeCl.,: a n d  a l u m  he f i u r t h e r  examined in t e r m s  o f  t h e i r  a b i l i . t y  

t o  remove v o l a t i l e  o r g a n i c s  f r o m  wine.  B u t  f i t - 5 . t .  

o p t i m i z a t i o n  s t u d i e s  were c o n d u c t e d  %o e s t a b l i s h  the be.;.k 

dosages7 pH a n d  m i x i n g  m e t h o d s .  

4.2.2 O p t i m i z a t i o n  S , t t d i e s . ,  T h e  p u r p o s e  c3.f .these s t u d i e s  

was to o p . L i m i r e  t h e  p r o c e s s  of c h e m i c a l  



e 

f l o c c u l a t i o n / c o a g u l a t i o n  f o r  r e m o v a l  of  v o l a t i l e  or-garlics 

from urine. T h e  c r i t e r i o n  u s e d  w a s  t h e  a b i l i k y  to r-mnove 

t o t a l  o r g a n i c  c a r b o n  f r o m  u r i n e .  T h e  coagulants ~ i s e d  were: 

F e C l S 3  alum a n d  a m i x t u r e  o f  F & l =  a n d  a lum.  T h e  a c t u a l  

c h e m i c a l  f o r m u l a s  w e r e :  F e C 1 3 . 6 H z 0  a n d  F)12(S04)3. 14Hz0. The  

p a r a m e t e r s  t h a t  w e r e  v a r i e d  w e r e :  d o s a g e ,  pli ,  s t i r  ra te  a n d  

m i x i n g  t i m e .  

A s  a g e n e r a l  p r o c e d u r e  f o r  a l l  t h e s e  tests,  a 50 m l  

a c i d i f i e d  u r i n e  p o o l  s a m p l e  w a s  d o s e d  w i t h  c o a g u l a n t  a n d  t h e  

ptl adjucted. Then the ssmple w;re, mixpd f o r  a cer l -a in  yerind 

of  t i m e ,  a.ftsr which  1 0  m l  w e r - e  t r a n s f e r r e d  t o  a c e r i 2 : r i f u g e  

t u b e  a n d  c e n t r i f u g e d  f o r  5 m i n u t e s ;  p r e c i  p i  t a t e  v w l  ~ i n e  was 

r e c o r d e d .  T o t a l  o r g a n i c  c a r b o n  a n a l  y s i  s w a 5  p e r f  ortned an a 

10-” d i l u t i o n  o f  s u p e r n a t a n t .  F e t - c e n t a g e  r e d u c t i o n  i n  TOC 

f rom t h e  a c i d i f i e d  u r i n e  c o n t r o l  ( u n a d j u s t e d  f o r  pH)  w a s  

c a l c u l a t e d .  T h e  s p e c i f i c  p r o c e d u r e  a n d  r e s u l t s  f o r  .the f o u r  

t e s t s  are  g i v e n  be low:  

a. TyDe of C o a Q u l a n t :  0.01 m / l  FeC13, 0. 1 m / l  a l u m ,  

a n d  0.01 m / l  FeC13 p l u s  0 . C ) l  m / l  a l u m  w e r e  used as 

t h e  c o a g u l a n t  d o s e .  pH w a s  b o t h  u n a d j u s t e d  !abrxtt 

2 . 5 )  a n d  a d j u s t e d  t o  5. The  S a m p l e 5  w e r e  m i x e d  

.for 20 m i n u t e s .  
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RESULTS: pH 2.5 

SAMPLE 

Con t. r o 1 

A 1  urn 

F e C l  J 

A l u m  + 
FeC1.x 

4 4 0 0 4 C! . 3 rn 1 

RESULTS: pH 5 

FeC1.x 4 0 .  4 m l  

1 6  1.5 m l  

b .  Mi :.: i rtq Met,h~.dd The s a m p l  es were d o s e d  wi t!r G. 05 (I 

m i l  FeC13  and 0.05 m / ’ l  a l u m ;  pt-l was adjcts.ted to 6 .  

The s a m p l e s  w e r e  mixed as f o l l G w s  art a s t a n d a r d  

magnetic s t i r  p l a t e :  

:! . 30 RF‘M f o r  5 mi nctte.; 
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RESULTS: 

%TOC Reduc t i c n  
!3- ec is,-i-t a t  e SAMPLE TOC ( r n q / l )  f roin C o n t r o l  

Pion e C o n t r o l  4 i 00 - 

30 RPM 5 min 3400 17 3.5 rn1 

b00 RPM 5 min 3400 17 3.5 ml 

3 3  RPM 60 min 3 4 (3 (3 17 3.5 m l  

a 
CONCLUSIONS: I t  a p p e a r s  t h e  f a s t e r  t h e  r a t e  a n d  l o n g e r  t h e  

contac t  t i m e ,  t h e  b e t t e r  t h e  r e m u v a l ;  i n  t h i s  test m i x i n g  a t  

6i)O RPM f o r  60  m i n u t e s  g a v e  t h e  b e s t  results. 

c. Ihe sampies were d o s e d  w i t h  a 0.0i m / i  FeCi:;: 

a n d  (3.01 m i l  a l u m  c o n c e n t r a t i o n  . F r o m  a 0.5 m 

s o l u t i o n  o f  t h e  t w o  c o a g u l a n t s .  pH was adjusted 

t o  3,4,5,6 and 7 w i t h  Na0t-l. The  !5ainpIes were 

s t i r r e d  f o r  20 m i n u t e s  arid alluwed t o  s e t t l e  f u r  1 

h o u r 7  t h e n  s t i r r e d  a g a i n  p r i o r -  to .-..rt.tri.i:cigj.[Iion. 

RESULTS: 

XTOC Reduct i  on 
f r o m  C o n t r o l  P r r c i  p i t a t  e 

- None 

7 (1) . 4 m 1 

25 (3.8 m l  

9 1.5 m l  

i) i.5 m l  

i:) 1.5 m l  
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CONCLUSION: Removal e f f i c i e n c i e s  diG.fer c a t  di - I : . fe r -en t  PI-4 

val  nes; however , the two t e s t s  coni :erning pH gave 

c0n.f 1 i t t i n g  r e s u l . k s .  11-1 i:c-?st 'lc" above, the 1. i q u i d  

coaqulant n a l ~ i t i u n  u s e d  may have a f f e c t e d  the TDC r-emuval 

ar-aund pH 6 resulting i n  a v e r y  l o w  p e r c e n . t a y e  redI.ictj.cm. 

In  t w o ,  o t h e r  t e s t s  at pH b ( t e s t s  ' Ib"  !"Mi;.:irtg Mcethod") and 

p a r t  o f  " d "  ( "pH  a n d  d o s e  adjustmen. t " i  1 TOG r e m o v a l  war ;  

noted; t h e  l i q u i d  coagulant sulutiun was not. u s e d  f u r  .these 

tie5t.s. I n  a n y  case, op.titnum pti for- TUC r-emnval . F r o m  urine 

i s  prc rbab ly  i n  the 4 - 6 r a n g e .  

d . pH an-d.-Qct-sgie A d  j ustmei7-t--:- Satnp 1 e dosaqe wi .!:h 

FeCl,/al ~ i m  was 0. 0 0 1  11\11 and 0 .  0 5  t r r / l  j pi.4 w i t s  

adjusted t c r  4, 5 and 6. The sample.; were stirred 

1'0 m i n u t e s  a n d  s e t t - l . e d  3:) m i n u t e s F  then  f c!r.kI-rei- 

a 9 i t at e el p r i or .t o c e n  t r i f LI 9 a t  i or) . 

TOC (mull) 

4 €3 0 0 

pti 4 

8 

pti  5 

pl-i b 

II 



a 

CONCLUSION: The res~il ts indicate that the more coagulant 

used, ,the better the TOC removal. No upper limit was 

investigated, however; from these tests a O.C!5 nr 

concentration gave best results. 

Based on these optimization studies it was recommended 

that the best coagulant be evaluated in a distilla4:ion test. 

4.2.3 Distillation Test. The purpose of this test w a s  to 

evaluate the potential 0 . F  f locculation/coagulation of urine 

as a removal mechanism for volatile organics, which are 

.;er:clrall - I  \ I  carried c\/e!.- dQrj.nn " 5 )  u r - i f i e  disti I l s . t i on ;  

The procedure involved distilling 150 ml samples fr-onr 

the acidisfied urine pool treated as follows: 

a) 0.05 m/l FeC13.6Hrr0 and 0.05 m/l A12(S04)3.14W~0 

were added and t h e  pH adjusted to 4.0 wikh Wai3H,  

t.hen rapidly mixed for i hour. 

b )  t h e  same as (a) b u t  centrifuged aStet- mixing and 

the precipitate discarded. 

Samples (a> and (b )  were distilled i n  an all-glass 

apparatus; Distillatian temperature w a s  60 C. A Total 

Organic Carbon (TOC) analysis was performed on .the first i25 

ml of  distillate collected from each 1.50 ml sample. 

RESULTS: 
e 

SAMFLE 

Control 

DISTILLATE TOC 

7 mg/I 

Coagulant added 6 mg/1 

Coag. + centrifuged 6 mg/l 
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CONCLUSIONS: The organic  removal ascr ibed t o  coagulants i n  

prev ious t e s t s  does n o t  seem t o  apply t o  v o l a t i l e  organics; 

i .e. those t h a t  c a r r y  over dur ing  d i s t i l l a t i o n  a t  60 C. 

Therefore, coagu la t ion  o f  u r i n e  does no t  prove t o  be an 

acceptable method of  reducing t h e  organic  l e v e l  i n  u r i n e  

d i s t i l l a t e .  

4.3 E l e c t r o l  y t i  c Pretreatment. 

E l e c t r o l y t i c  Pretreatment i s  p e r t i n e n t  t o  u r i n e  which 

conta ins sodium ch lo r i de ,  bu t  no t  t o  d i s t i l l a t e ,  which l a c k s  

(I 

an e l e c t r o l y t e .  Experience w i t h  d i  s t i  11 i ng e l  e c t r o l  y t i c a l l  y 

p re t rea ted  w i n e  a t  McDonnell Douglas (14) showed t h a t  a 

subs tan t i a l  amount o f  pretreatment i s  requ i red  t o  produce an 

(I 

acceptable d i s t i l l a t e .  The e l e c t r o l y t i c  process uses 

considerable e l e c t r i c a l  power and produces l a r g e  amounts o f  

gaseous by-products t h a t  r e q u i r e  f u r t h e r  processing. For 

these reasons and because t h e r e  a re  more promising 

a l t e r n a t i v e s ,  i t  was f e l t  t h a t  e l e c t r o l y t i c  pret reatment  

should no t  be se lec ted  f o r  f u r t h e r  s tudy i n  t h i s  program. 

' 4 .4  P o s t  Treatment by Sorp t ion  Beds. 

The l i t e r a t u r e  fiearch produced numerous c i t a t i o n s  i n  

respect t o  t h e  a b i l i t y  o f  a c t i v a t e d  carbon and i o n  exchange 

r e s i n s  t o  remove t r a c e  organic  compounds from d r i n k i n g  

water. These s o r p t i o n  media have been r o u t i n e l y  used t o  

p o l i s h  u r i n e  d i s t i l l a t e  and humid i ty  condensate i n  space- 

t ype  water recovery systems. However, very  l i t t l e  work has 

been done t o  exper imenta l l y  eva lua te  t h e  performance o f  

42 . 
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va r ious  media o r  t o  opt imize t h e  amount of media and the 

sequence i n  which i t  should be used. A major reason f o r  

t h i s  i s  t h a t  u n t i l  recent ly ,  t h e r e  was very l i t t l e  

i n f o r m a t i o n  concerning the i d e n t i t y  o f  organic  compounds i n  

question. There i s  some GC/MS data  ava i l ab le ,  b u t  a good 

carbon balance has ye t  t o  be obtained. 

4.4.1 Ac t i va ted  Carbon. Granular a c t i v a t e d  carbon (GAC) 

has b e t t e r  organic  removal e f  f i c i  ency than powdered 

a c t i v a t e d  carbon ( P A C ) .  Also, GAC i s  eas ie r  t o  use i n  zero  

g than PAC because i t  is used i n  f iow-through beds whereas 

PAC i s  added t o  t h e  w a t e r  and then m u s t  be removed by 

f i l t r a t i o n .  Much longer beds (15 t o  30 f t )  a r e  needed than 

have been used t o  da te  i n  aerospace systems. Ac t i va ted  

carbon can be opt imized f o r  s p e c i f i c  organic  compounds; thus 

an optimum pos t  f i l t r a t i o n  bed might con ta in  severa l  

d i f f e r e n t  carbons. 

4.4.2 I o n  Exchanae Resins: Ion exchange r e s i n s  remove 

main ly  i no rgan ic  i o n s  but a r e  a l s o  e f f e c t i v e  f o r  removal o f  

some organics.  I n  post  t reatment they  may be a b l e  t o  remove 

organ ics  t h a t  cannot be removed by any o ther  method. There 

a re  many d i f f e r e n t  k inds o f  r e s i n s  and probably  severa l  

would be r e q u i r e d  i n  an opt imized pos t  t reatment  bed. 

4.4.3 F'olvmeric Adsorbent. T h i s  i s  a macro re t i cu la r  

po l ys ty rene  div inylbenzene copolymar produced by Rahm % 

Haas. I t i s  known t o  adsorb su r fac tan ts ,  f a t t y  acids,  

s te ro ids ,  enzymes, amino ac ids,  po lypept ides  and p ro te ins .  



I t  i 5  recommended f o r  use i n  canner ies and laundr ies  among 

o ther  app 1 i c a t  i ons. 

4.4.4 M u l t i f i l t r a t i o n .  Th is  method c o n s i s t s  o f  a t r a i n  o f  

so rp t i on  beds t h a t  con ta in  var ious  s o r p t i o n  media. I n  

conventional use, f l o w  i s  u s u a l l y  passed completely through 

one bed ma te r ia l  be fo re  being passed through second o r  

t h i r d  mater ia l  Replenishment and/or regenera t ion  occurs as 

beds or p o r t i o n s  0.f beds are  expended. I n  t h e  present  

instance t h e  use o f  a t  l e a s t  f i v e  d i f f e r e n t  media a re  

contemplated. I f  beds were 5e t  up i n  t h e  convent ional  

manner, then an i nven to ry  of  a t  l e a s t  f i v e  d i f f e r e n t  bed 

types would be requ i red  f o r  changeout when beds become 

saturated. Instead o f  t h i s  approach, a s i n g l e  c a n i s t e r  was 

designed t h a t  con ta ins  t h e  var ious  media i n  appropr ia te  

p ropor t ions  and sequence (See F igure  4.4-1). A s  many as 51): 

a 

a 

can is te rs  a re  i n s t a l l e d  i n  s e r i e s  (See F igu re  4.4-2) - When 

t h e  i n f l u e n t  can is te r  breaks through, i t  i s  removed and t h e  
a 

remaining beds moved up i n  p o s i t i o n .  A new bed is i n s t a l l e d  

a t  t h e  e f f l u e n t  end o f  t h e  chain. The ac tua l  r e p o s i t i o n i n g  

of  t h e  c a n i s t e r s  i s  accomplished w i t h  va lv ing .  T h i s  

approach i s  termed t h e  "unibed" concept and achieves t h e  

Space S ta t i on  goal o f  commonality by us ing  a s i n g l e  bed t h a t  

contains a l l  of t he  necessary sorbent media i n  optimum 

p r  opor t i ons. 

The type, amount and sequence of s o r p t i o n  media used i n  

t h e  f i r s t  experimental unibed c a n i s t e r s  a r e  summarized i n  
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Table 4.4-1 together  w i t h  performance data. The unibed 

c a n i s t e r s  were const ructed w i t h  g l a s s  tub ing.  I n d i v i d u a l  

beds were h e l d  i n  p l a c e  by g l a s s  wool. Sample p o r t s  were 

prov ided between i n d i v i d u a l  beds. S e l e c t i o n  o f  t h e  t ypes  o f  

media and t h e  sequence of beds was based on t h e  f o l l o w i n g  

r a t i o n a l e .  I t  was f e l t  t ha t  ammonia should be removed f i r s t  

as i t  tends t o  r a i s e  pH and removing i t  lowers t h e  pH. 

I o n i c  organic  compounds are more s t r o n g l y  adsorbed by carbon 

a t  lower va lues o f  pH. Also, t h e  presence o f  ammonia i n  

s o l u t i o n  d r a m a t i c a l l y  increases t h e  s o l u b i l i t y  of many 

organic  compounds. Thus c a t i o n  r e s i n  i s  placed f i r s t  t o  

remove p r i m a r i l y  ammonia, bu t  a l s o  organic  n i t r o g e n  bases 

and ino rgan ic  cat ions.  A carbon bed was p laced nex t  i n  l i n e  

t o  remove organics. This was fo l l owed  by polymer ic  

adsorbent t o  remove furanone compoundsa s i l oxanes  and 

perhaps some as y e t  unknown organics.  A n  anion r e s i n  bed 

was p laced next  t o  remove organ ic  a c i d s  and ino rgan ic  

anions. T h i s  was fo l lowed by a mixed c a t i o n  and anion r e s i n  

bed f o r  f i n a l  p o l i s h i n g  and t o  remove anion r e s i n  leachates.  

The f i n a l  bed i s  c a t i o n  r e s i n  t o  remove anion r e s i n  

leachates. The beds were s i zed  from pub l ished load ing  data. 

They were s ized  f o r  d i s t i l l a t e  f rom HDAB t r e a t e d  u r i n e ,  

which con ta ins  very l i t t l e  methanol, e thanol  and 

a c e t o n i t r i l e .  These compounds have a l l  been found i n  

d i s t i l l a t e  f rom Oxone t rea ted  u r i n e  and are no t  r e a d i l y  

removed by t h e  beds i n  t h i s  design. 

47 



v) 
0 w 

z 
3 

L- 

in 
fr, 

w =  

; r g  W 

Q 

L 

c 
El 

E 
Z O  

c c  o m  

a w n  

c 
I- 

yo 

I I 1 
l n o  
? ?  1 1 -  

d 

In 0 

9 
N 

0 

'4 
N 

0 0 0 

vi 
N 

'4 
0 

? 
N 

9 
N 

In 

0 
-? 

In 

d 

ln 

OD 
In 

0, 
N 

2 

N 

01 
d 
0 

? 
OI 
N 

"I 
OI 
ln 

9 
0 

In 

01 
d 

"! 
N 

N ln .. In 

V 
0 
I- 

d 

ln 

In 

el 

h 
r( 

? 
0 2 In 

d 

I 

a 
c 

P 

c 
U- -ul  
v u  =sa U u 

c) a c  

u m  
2s 
+JL 
u v  

E 
U- 
cv) uo) u a  



0 

0 

Two i d e n t i c a l  u r t i b e d s  w e r e  c h a l l e n g e d  i n  series. T o t a l  

t h r o u g h p u t  o f  t h e  f i r s t  u n i b e d  w a s  17.5 l i t e r s  or- 322 b e d  

vol~cmes. A f t e r  p a s s i n g  t h r w i g h  the f i r s k  u n i b e d ,  8.4 l i t e r s  

or  154 b e d  volumes were t h e n  p a s s e d  t h r o u g h  t h e  s e c o n d  

u n i b e d .  T h e  r e m a i n i n g  water (17.5 1 - 8.4 1 = 9.1 1)  w a s  

u s e d  f o r  a n a l y s i s .  N e i t h e r -  u n i b e d  e x p e r i e n c e d  b r e a k t h r o u g h  

as a w h o l e ,  so u l t ima te  l i f e  ha5 y e t  t o  b e  d e t e r m i n e d .  

However ,  b a s e d  o n  i n d i v i d u a l  b e d  p e r f o r m a n c e ,  i t  w a s  d e c i d e d  

. t h a t  t h e  f i r s t  c a t i o n  bed, t h e  p o l y m e r i c  b e d  and t h e  a n i o n  

b e d  s h o u l d  a l l  b e  d o u b l e d  i n  s i z e .  

The  b a s i c  p e r f o r m a n c e  d a t a ,  i n c 1 L i d i n g  b e d  l o a d i n g s ,  are  

p r e s e n t e d  i n  T a b l e  4.4-1. T h e  c h a n g e  i n  TOC as d i s t i l l a t e  

p r o c e e d s  t h r o u g h  a Linibed as shown i n  F i g u r e  4.4-3. T h e  

c h a n g e  i n  pH is shown i n  F i g u r e  4.4-4 a n d  t h e  c h a n g e  i n  

c c n d u c t i v l t y  is showr! i n  FigcIr-e 4.4-5. All d e k s c t a b l e  

ammonia was re!noved i n  t h e  f i r s t  c a t i o n  b e d .  

-~____ 

The t e s t s  have d e m o n s t r a t e d  t h a t  t h e  u n i b e d  c o n c e p t  is 

p r o m i s i n g  a n d  t h a t  r e a s o n a b l y  l o w  e x p e n d a b l e  rate..; a r e  

p r o b a b l y  a t t a i n a b l e ,  a t  l e a s t  down t o  an o r g a n i c  c a r b o n  

l e v e l  o f  (3.2 ppm. U l t i m a t e  l i f e  h a s  n u t  y e t  b e e n  

e s t a b l i s h e d .  A l s o ,  p e r f o r m a n c e  b e l o w  0 .2  ppnt has n o t  y e t  

b e e n  i n v e s t i g a t e d .  T h e s e  y u e s k i o n o ,  t o y e k h e r  w i t h  t h e  

e v a l u a t i o n  o f  o t h e r  s o r p t i u n  m e d i a  a n d  ,khe c o n s : i d e r a . t i o n  o f  

h u m i d i t y  c o n d e n s a t e ,  wash water d i s t i  1 l a t e  a n d  raw wash 

w a t e r  are b e i n g  i n v e s t i g a t e d  i n  c u r r e n t  pt-ograms.  

T h e  d a t a  f o r  the f i r s t  b e d  p a s s  . t h r o u g h  is scrrnmarized 

belaw i n  T a b l e 5  4.4-1 t h r o u g h  4.4-4 a n d  F i g u r e s  4.4-3 

t h r o u g h  4.4-5, f o r  t h e  s e c o n d  b e d  p a s s  , t h r u u q h  i n  T a b l e  4.4.- 

1 a n d  F i g u r e  4.4-6. 

0 
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F i r s t  Cat ion Bed. 

e 

0 

This  bed (See Figure 4.4-SA) removed about 1 mg/l o f  

TOC from t h e  feed stream t h a t  contained 6 t o  8 mg/l o f  TOC. 

The bed removed e s s e n t i a l l y  no TOC from t h e  feed stream t h a t  

contained 3 t o  4 mg/l. Apparently, whatever o rgan ics  t h e  

c a t i o n  bed removes were absent i n  t h i s  p a r t i c u l a r  feed, 

which consis ted o f  t h e  f i r s t  c u t s  o f  d i s t i l l a t e  from t h e  

HDAB treatment. The feed from 12 t o  14 l i t e r s  was de r i ved  

from HDAE t r e a t e d  u r i n e  from l a t e r  cuts,  a t  h igher  feed 

concentrat ions,  and t h e  organics i n  quest ion are  back. The 

feed a f t e r  14 1/2 l i t e r s  was switched back t o  t h e  meta ls  

0 t r e a t e d  ur ine .  ( A s  an aside note, t h e  TOC o f  t h e  meta ls  

t r e a t e d  u r i n e  decreased wikh t ime  even though t h e  pooled 

sample was kept r e f r i g e r a t e d . )  The amount of o rqan ics  

removed i n  t h e  14 t o  16 l i t e r  range is on ly  an 

approximation. The  l a s t  p o i n t  a t  17 1/2 l i t e r s  shows 2 mg/l 

removal, about t h e  same a s  i n  t n e  beginning i Z  to 9 i i t e r  

range).  I t i s  i n t e r e s t i n g  t o  no te  t h a t  i n  t h e  case o f  t h e  

metals t r e a t e d  u r i n e  the  s p e c i f i c  conductance increases as 

TOC i s  removed by t h e  f i r s t  c a t i o n  bed. 

___ 
~ ~~~ ~ ~~~~ 

~ ~ ~ _ _ _ _  -~ ~ ~ _ _ _ _ _  ~ ~ ~ _ _ ~  

Because t h e  f i n a l  ca t i on  bed removes some organ ics  

throughout t h e  t e s t ,  i t  is f e l t  t h a t  some organ ics  t h a t  

cou ld  be taken out by the f i r s t  bed may be g e t t i n g  through 

e 
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a n d  t h a t  t h e  s i r e  o f  t h e  f i r s t  c a t i o n  bed r h o u l d  b e  

i n c r e a s e d .  Note khat the .f i rst c a k i  on bed r emoved  a1 1 NH~x 

s a t i s f a c t o r i l y  . t h roughou t  the t es t .  

G,arbon Eec! 

T h e  c a r b o n  bed (See F i g u r e  4.4-SA) removed bekween  i 0 

arid 3 mg/l of TOG t h r o u g h o u t  t h e  test. I t  seemed ,to r e m o v e  

more a t  t h e  b e g i n n i n g  t h a n  at t h e  e n d .  T h e  gradi . \a l  i n c r e a s e  

i n  5 p r c i . f  i c  c o n d u c t a n c e  l e a v i n g  t h e  carbon b e d  appears t o  

i n d i c a t e  t h a t  the bed q r a d u a l l y  becomes l o a d e d  w i t h  ot-yariic 

a c i d s ,  r e r n a v i n g  f e w e r  a n d  . f e w e r -  u.f . t : h e t n .  T h i s  behavior, 

(:::a1 l e d  “ i n s t a n t a n e o u s  b r e 3 k t h r o u q h ” ,  is rror-mal .for- o r -ga r l i c  

a c i d s  b e i n g  a d s o r b e d  on c a r b w n .  T h e  ctnrrrnoved o r g a n i c  a c i d s  

0 

a p p e a r  t o  be r emoved  b y  t h e  a n i o n  r e s i n s  d n w n s t r e a m .  T l ie  

f i n a l  TOC o u t p u t  f rum t h e  f 1-11 1 set- i 135 caf b e d s  r-ernai necl 

e s s e n t i a l l y  i n  t h e  r a n g e  1 t o  1 1/2 my/l thruugt1oit.t: the 

test. These d a t a  i n d i c a t e  that a n  i n c r e a s e  i n  the a m o u n t  o f  

czarbon does  not a p p e a r  t o  b e  n e c e s s a r - y .  (I 

P a l  ymer i c Bed. 

T h e  p o l y m e r i c  b e d  (See F i y u r e  4.4-31)  w a s  a p p a r e n t l y  

n o k  s u f f i c i e n t l y  w a s h e d  auk p r i o r  %o the 5tar.t a f  t h e  kest  . 
1Jp u n t i  1 5 11 ters  o f  t h r o u g h p u t : ,  i t  added  TOZ w h i c h  w a s ,  

h o w e v e r ,  t a k e n  o u t  b y  the d o w n s t r e a m .  b e d s .  T h e  p o l  y r n e r - i c  

a 
bed appeat-5 t o  h a v e  sorbed a b o u t  1 m g i l  of  TC3C b e t w e e n  0 a n d  

5’ l i ters  and a b o u t  i f 2  , q / 1  u-f TIC between 12 a n d  i? t i 2  

l i ters .  I t  a p p e a r s  t h a t  the p o l y m e r - i c  a d s o r b e r t t  is cioinq 



0 

s o m e t h i n g  a n d  s h o u l d  b e  i n c r e a s e d  i n  a m o u n t .  

An ion  Bed. 

T h e  a n i o n  b e d  (See F i g u r e  4.4-34) r emoved  2 t o  3 mg/l  

o f  T O C ' f o r  e s s e n t i a l l y  t h e  f i r s t  12 l i t e rs  of  t h r o u g h p u t .  

A f t e r  t h e  12 l i t e r  m a r k  t h e  mixed  b e d  r emoved  more o r g a n i c  

material t h a n  p r e v i o u s l y ,  i n d i c a t i n g  t h a t  t h e  a n i o n  r e s i n  i n  

t h e  mixed  b e d  w a s  p i c k i n g  up  w h a t  t h e  a n i o n  b e d  c o u l d  n o  

l o n g e r  s o r b .  I t  a p p e a r s  t h a t  t h e  5ite o f  t h e  a n i o n  b e d  

s h o u l  d b e  d o u b l  e d .  

Mixed Bed.  

x e d  bed (See Figure 4 .4 -3A)  a p p a r e n t l y  w a 5  n o t  

s u f f i c i e n t l y  washed  down a t  the start O S  the test .  I t  

r emoved  f r o m  a b o u t  1 /2  t o  1 mg/l  o f  TOC b e t w e e n  3 a n d  9 

l i ters ,  n o n e  f r o m  9 t o  12 l i t e r s  ( d u r i n g  l o w  TOC f e e d ) ,  a n d  

f - r r j m  1 t o  1 112 mg/l f r n m  ?2 to 17 1/22 liters= It appears 

t h a t  t h e  s i t e  o f  t h e  mixed b e d  is a l l  r i g h t .  T h e o r e t i c a l l y ,  

a mixed  b e d  s h o u l d  n o t  b e  n e e d e d  i f  t h e  p r e c e d i n g  c a t i o n  a n d  

a n i o n  b e d s  are s i z e d  r i g h t ,  d o  n o t  l e a c h  or d o  n o t  h a v e  

c e r t a i n  o r g a n i c s  k i c k e d  o f f  d u e  t o  a c h a n g e  i n  f e e d  

c o m p o s i t i o n .  The  m i x e d  b e d  is t h e r e  f o r  b a c k u p .  

0 
F i n a l  C a t i o n  Bed. 

The  ma in  p u r p o s e  of t h e  f i n a l  c a t i o n  b e d  (See F i g u r e  

4.4-3A)  is t o  p i c k  up p o s s i b l e  l e a c h a t e  f r o m  t h e  a n i o n  r e s i n  

i n  t h e  mixed  bed .  I t  is also t h e r e  f o r  f i n a l  p o l i s h i n g .  

The  b e d  a p p e a r e d  t o  remove a b o u t  114 t o  1/2 mg/l  o f  TOC 
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a 

t h rouy l i uu~ t  most or' the t e s t .  I t  a p p e a r s  t o  b e  5.u.f $:icientl y 

1 a r g e .  

A summavy of .t!-,e TOC removal d a t a  is pr -e sewted  i n  T a b l e  

4.4-5. T h e  beds c o n s i s t e n t l y  r-emoved TOC down tu tl- le - :l .to h 3 

pl:m r a n g e ,  and e a c h  bed made sonie cuntr i b u t 1  uri. 0 

TABLE 4.4-5. SUMMARY OF APPROXIMATE AMOUNTS OF TOC REMOVED 

BY SORPTION BEDS IN ONE PASS A T  2 CM/MIN FEET). 

BED DESCRIPTIO@ 

#1 C a k i o n  

Carbon  

Pol ymer i c 

Ani o n  

M i  f: e d  

#2 C a k i o n  

TOTAL REMOVE9 

Unr-emoved TGC 

FEED 

A summary of  t h e  a c t u a l  bed loadings c o m p a r e d  tu . t h e  

e s t i m a t e d  loadings is  p r e s e n t e d  i n  T a b l e  4.4-6. 

E r e a k t h r o u g h  appears .to h a v e  o c c u r r e d  i n  the f i r s t  c a t i o n  

b e d ,  t h e  p o l y m e r i c  b e d  and t h e  anicrn b e d .  E:real.::tl1rcsuyh i-iiay 

b e  o c c u r r i n q  i n  o t h e r  beds a s  w e 1  l b u t  not  ak a d e t s c t a b l e  

1 eve1 . 4 

The e f f l u e n t  f r o m  t h i s  t e s t ,  w h i c h  was n o t  used < u r  

s a m p l i n g  l a b a u t  8 11'4 was pawled and saved i n  a 

r e f v i g e r a t e d  c o n t a i n e r .  A r'vesI1 siet OF beds were prepared, 



r i n s e d  w i t h  deionated water, and chal lenged w i t h  t h i s  

composite. These r e s u l t s  a re  presented i n  F igu re  4.4-6. 

The TOC was f u r t h e r  reduced t o  w e l l  under 1 ppm. 

TABLE 4.4-6. SUMMARY OF BED LOADINGS AFTER PROCESSING 

17 1/2 LITERS O F  URINE D1STILLC)TE 

Estimated 
Bed Loadings 
Descr i p t i  on ma TOC/Q mater ia l  

#1 C a t i o n  

Carbon 

10 t o  1 ppm 1 5c1 

16OCT t o  30 PPb 3 u  
50 t o  10 ppb i 0 

10 t o  1 ppb 1 

Pol ywer i c 50 

Anion 52 

M i x e d  

#2 C a t i o n  

50 

50 

Plctual Accum. 
Loadings 
ma TOC/Q m a t e r i a l  

2.9 

2. b 

3.6 

2 . 5  

1.4 

H r ea k t h r ou Q h 

No 

Prot;s.=?y 

No 

7 ~~ 

c.\ 

3 

Poss ib ly  

Yes 

No 

No 

Test ing a t  t h i s  l e v e l  i s  very d i f f i c u l t ,  n o t  jus t  

because t h e  TOC analyzer i s  opera t ing  a t  i t s  lower d e t e c t i o n  

l i m i t ,  b u t  a l s o  because o f  i nadve r ten t  contaminat ion of  

samples dur ing  c o l l e c t i o n  bo th  from so lven t  vapors present 

i n  t h e  l a b  atmosphere and i n s u f f i c i e n t l y  c lean sample 

conta iners.  Sample cu ts  taken d i r e c t l y  f rom t h e  t e s t  r i g  

and analyzed immediately genera l l y  have lower TOC's than 

samples taken from t h e  c o l l e c t i o n  j u g s ?  as can be seen i n  

F i g u r e  4.4-6A. 
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4.5 Post Treatment by Reverse Osmosis. 

Certain reverse osmosis membranes can reject organic as 

well as inorganic molecules, although in general , organic 
molecules are often not rejected at as high a rejection rate 

as are inorganic molecules. Bend Research, Inc. has unique 
0 

expertise with such membranes, and in addition ha5 developed 

a hollow-fiber membrane in which the flow is radially 

outward rather than inward as is the case with other hollow- 

fiber membranes. This unique feature enables a controlled 

velocity inside the tubes, which produces higher fluxes and 

less fouling, thus leading to more compact designs and 
0 

longer useful lifetimes for the reverse osmosis modules that 

incorporate these hollow fibers. 

Samples of urine distillate were sent to Bend Research 

for membrane challenge tests to ascertain if there are 

a promising membranes that can reject the organics contained 

in urine distillate. 

The results are presented in Table 4.5-1 below. Column 

1 shows the urine distillate as provided by UHC. Column 2 

shows the urine distillate after being loaded into the Bend 

Research test loop. Note the increase in TOC, Na, Ca and K,  

indicating a less than 100% pure loop, even after vigorous 

cleaning. This is not untypical. Note also that the NHa 
a 

level decreased slightly, perhaps being sorbed by materials 

in the loop. 

The FT-30 membranes, A, B and C were evaluated and all 
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performed s i m i l a r l y  and d i d  a good j o b  o f  r e j e c t i n g  organ ics  

as w e l l  as t h e  inorgan ics  t h a t  were present.  Membrane NS- 

100 d i d  n o t  do so we l l  and w i l l  be dropped f o r  f u r t h e r  

cons ide ra t i on  i n  th is  app l i ca t i on .  

TABLE 4.5-1. POST TREATMENT RESULTS FOR REVERSE OSMOSIS 

OF URINE DISTILLATE. 

U r i n e  
D i s t i  11 a t e  
f rom 

Parameter URC 

pH, pH units 6.7 * 
Sp Cond 57 

NHs-N, mg/l 7.9 
TOC, mq/l 9.3 

Ca, mg/l 0.14 

K,  mg/l 0.35 

_ _  - d u - - m F l  

Na, mg/l 0.65 

e C1-, mg/l ND3 1 

Ur ine  
D i s t  i 11 a t e  
f rom RO 
loop a t  
s t a r t  o f  
Test 

&. 9 

54 

6.2 
14.2 

3.05 

0.37 
0.51 

ND@ 1 

Membrane 

FT-30 

A 

6.4 
2.3 

0.29 

i . 0  

0.48 

0.13 

0.04 

ND@ 1 

Membrane Membrane Membrane 

FT-30 FT-30 NS- 100 

E 
6 . 3  

2 . 8  
~ ~-~ ~ 

f-\ TIC. 
.d 9 A d  

1.1 

0.46 

0.31 

0.06 

ND@ 1 

C 

6.4 

2.8 
~ 

9.30 

0.8  

0.42 

0. 17 

0.05 

ND@ 1 

6.9 

11.5 

1.7 

3.7 
’ 0.30 

6.22 

0.06 

ND@ 1 

4.6 Post Treatment by Oxidat ion.  

Var ious chemical ox idants  were mentioned i n  t h e  

l i t e r a t u r e  as be ing  e f f e c t i v e  i n  removing some organ ics  f rom 

d r i n k i n g  water. T h i s  same mechanism, however, i s  u t i l i z e d  

d u r i n g  ozonation, a r e l a t i v e l y  more e f f i c i e n t  process than 

chemical ox ida t ion .  Therefore, t h e  o n l y  l i k e l y  a p p l i c a t i o n  

o f  chemical o x i d a t i o n  is f o r  waste water pret reatment  as 

discussed i n  paragraph 4.1. 

Ozone, e s p e c i a l l y  i n  combination w i t h  UV l i g h t ,  has 

been shown t o  be a powerful  o x i d i z i n g  agent f o r  t reatment  o f  

organics,  metals, e tc .  I t s  p o t e n t i a l  c o n t r i b u t i o n  t o  waste 



a 

water post t reatment was f e l t  t o  be s i g n i f i c a n t .  

I t  was recommended t h a t  some t e s t s  be r u n  a t  Umpqna 

Research t o  asce r ta in  t h e  e f fec t i veness  o f  vapor phase 

ozonation, as t h i s  approach could t h e o r e t i c a l l y  be more 

e a s i l y  incorporated i n t o  an e x i s t i n g  d i s t i l l a t i o n  system 

than could a l i q u i d  phase ozonator. 

4.6.1 VaPor Phase Ozonation Tests.- CI t e s t  was run i n  which 

ozonated a i r  was in t roduced t o  t h e  vapor phase du r ing  

d i s t i l l a t i o n .  The ozonator used i s  c la imed n o t  t o  produce 

ax ides of n i t r o g e n  i n  t h e  a i r  stream as most o ther  o tonators  

do. The ozonated d i s t i l l a t e  d i d  n o t  con ta in  n i t r a t e s ,  which 

would tend t o  support t h i s  c la im. The r e s u l t s  a re  presented 

i n  Table 4.6-1. TOC was lowered by about 28%. The pH 

dropped and t h e  s p e c i f i c  c o n d u c t i v i t y  increased, i n d i c a t i n g  

an increase i n  organic  ac ids  along w i t h  t h e  drop i n  TOC. 

a 

a 

TABLE 4.6-1. RESULTS OF INTRODUCING OZONESTED AIR TO THE VAPOR 

PHASE DURING DISTILLATION O F  HDAB TREATED URINE. 

TOC Sp. Conductance 
m o / l  DH umho-cm-' 

Without Vapor-Phase 11.8 3.9 19 
Ozonation 

Ozonat i on 
With Vapor-Phase 8.5 3.5 52 a 

A second t e s t  was prepared i n  which a l l  o f  t h e  water 

vapor was passed over t h e  ozonator tube as shown i n  F igure  

4.6-1. A heat ing  mantle 15 used t o  heat a b o i l i n g  f l a s k  
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c o n t a i n i n g  p r e t r e a t e d  u r i n e ,  t h e  v a p o r  t h e n  p a s s e s  o v e r  a n  

u l t r a - v i o l e t / o z o n a t i o n  lamp t o  b e  r e - c o n d e n s e d  a n d  c o l l e c t e d  

f o r  a n a l y s i s  i n  a r e c e i v i n g  f l a s k .  T h e  c o m p l e t e  s y s t e m  is 

u n d e r  vacuum. T h e  b o i l i n g  rates o f  t h e  u r i n e  are  c o n t r o l l e d  

b y  the amount  o f  vacuum u s e d  on t h e  s y s t e m  a n d  m a n t l e  

t e m p e r a t u r e .  E x c e s s  o z o n e ,  i f  a n y ,  is c o l l e c t e d  i n  a t r a p  

t o  d e t e r m i n e  i t 5  l e v e l .  

DESCRIPTION OF PROCEDURE: Numerous o p e r a t i n g  c o n d i t i o n s  

w e r e  e v a l u a t e d  t o  d e t e r m i n e  t h e  maximum p r o d u c t i o n  a n d  

c o n t a c t  t i m e  o f  o z o n e  w i t h  t h e  d i s t i l l a t i o n  v a p o r .  F i g u r e  

4.6-2 d e p i c t s  t h e  f i n a l  c o n f i g u r a t i o n  u s e d  i n  t h e  a n a l y s i s .  

T h i s  c o n f i g u r a t i o n  w a s  d e r i v e d  a t  a f t e r  n u m e r o u s  t es t s  

v a r y i n g  t h e  air f l o w ,  l amp  l o c a t i o n ,  v e s s e l  v o l u m e s ,  vacuum 

c h a n g e s  a n d  h e a t  v a r i a t i o n s .  T o  p r o v i d e  l o n g e r  contac t  t i m e  

a two l i t e r  vacuum f l a s k  w a s  a d d e d  on  t h e  down stream s i d e  

of t h e  b o i l i n g  f l a s k  w i t h  t h e  VU/03 l amp p o s i t i o n e d  t o  f l o w  

i n t o  t h e  b o i l i n g  f l a s k ,  t h r o u g h  t h e  vacuum f l a s k  i n t o  t h e  

c o n d e n s i n g  c o i l s .  T h i s  c o n f i g u r a t i o n  p r o v e d  t o  p r o v i d e  

a m p l e  o z o n e  a n d  c o n t a c t  t i m e  w i t h  t h e  d i s t i l l a t i o n  v a p o r  

when t e s t e d  on  o x y g e n  a n d  d i s t i l l e d  water s a m p l e s .  B o t t l e d  

oxygen w a s  m e t e r e d  i n t o  t h e  s y s t e m  a h e a d  o f  t h e  VU/Q3 l a m p  

a t  a rate o f  25 ml/min  wh ich  w a s  f o u n d  earlier t o  p r o d u c e  

t h e  h i g b e s t  l e v e l  of o z o n e  c o n c e n t r a t i o n .  F r e s h  u r i n e  w a s  

c o l l e c t e d ,  p o o l e d  a n d  p r e - t r e a t e d  w i t h  a s o l u t i o n  of HzSOlc 

a n d  HDAB. The  f i n a l  tests were c o n d u c t e d  i n  t h e  a p p a r a t u s  

7 0 



FIGURE 4.6-2 

VAPOR PHASE OXIDATION 
FINAL APPARATUS CONFIGURATION 

COOL I NG 
co I LS 

VACUUM 

2 LITER 
VACUUM FLASK 

71 



a s  d e s c r i b e d  ( F i g u r e  4.6-2) w i t h  a vacuum o f  610 mm Hg a n d  

a n  oxygen f l o w  r a t e  of 25 m l / m i n ,  2 m l  o f  D o w  A n t i  Foam w a s  

added t o  r e t a r d  f o a m i n g .  I n  e a c h  case t h e  t es t  w a s  s tar ted 

w i t h  a 1 l i t e r  u r i n e  s a m p l e .  The  d i s t i l l a t e  w a s  s a m p l e d  a t  

150 rnl i n t e r v a l s  w i t h  pH, s p e c i f i c  c o n d u c t a n c e  a n d  TOC b e i n g  

a n a l y z e d  i m m e d i a t e l y .  The  f i n i s h e d  d i s t i l l e d  p o o l s  w e r e  

a l so  t e s t e d  f o r  t h e i r  p h e n o l  c o n t e n t .  The  r e s u l t s  o f  t h e  

f i n a l  tests are d e s c r i b e d  b e l o w  a n d  t a b u l a t e d  i n  T a b l e  4.6- 

e 

c) 
L .  

TABLE 4.6-2. RESULTS O F  VAPOR PHASE OZONIZATION TESTS. 0 
#i S a m p l e  d i s t i l l e d  w i t h o u t  t h e  u s e  o f  o z o n i z e r .  
#2 a n d  #3 s a m p l e s  d i s t i l l e d  w i t h  t h e  u s e  o f  o z o n i z e r .  

Samp 1 e Sp .  C o n d u c t a n c e  
600 pool a v e r a c l e  P h e n o l  No. pH TOC 

1 4.5 - 5 . 0  

2 4.5 - 5 . 0  

4.5 - 5 . 0  T 
*:I 

59.7 43 mg/l  .15 mg/ l  

48.5 TC .,*J mg / 1 . i i  mg/l  

48. (1) 34 mg/l . 1 1  mg/ l  

CONCLUSION: T h e  u s e  of o z o n e  i n  t h e  v a p o r  p h a s e  of  u r i n e  

d i s t r i b u t i o n  c o m p a r e d  t o  s a m p l e s  r u n  u n d e r  t h e  same 

c o n d i t i o n s  w i t h o u t  o z o n e  y i e l d  d i s t i l l a t e s  h a v i n g  20% less 

TOC and s p e c i f i c  c o n d u c t a n c e  l e v e l s ,  p h e n o l s  w e r e  i n  t h e  25% 

lower l e v e l s ,  a n d  p H ' s  v a r i e d  l i t t l e .  A n  a p p r e c i a b l e  a 
d e c r e a s e  i n  o d o r  w a s  n o t e d  on  s a m p l e s  t e s t e d  w i t h  . t h e  

o z o n i z a t i o n  p r o c e s s .  

4.7 P o s t  T r e a t m e n t  b v  A i r  S t r i p p i n s .  

A i r  s t r i p p i n g  h a s  p r o v e d  t o  b e  v e r y  e f f e c t i v e  i n  
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removing t r a c e  organics f rom ground water supplies and as a 

t e r t i a r y  t reatment i n  waste water p u r i f i c a t i o n  systems. 

Reference (13) l i s t s  the organics which were s i g n i f i c a n t l y  

removed by a i r  s t r i p p i n g  a t  Water Factory  21, a waste water 

t reatment p l a n t .  These organics, together  w i t h  t h e i r  

approximate average concentrat ions and removal percentages 

a re  presented i n  Table 4.7-1. 

TABLE 4.7-1. ORGANIC CONTAMINANTS REMOVED TO A S I G N I F I C A N T  

DEGREE BY A I R  STRIPPING AT WATER FACTORY 21 
(See Reference 13) 

e 
Contaminant 

Trinalomethanes 
~~~~ __  ~ 

Concentr a t  i on Percentage 
U Q / l  Removal 

~~~-~~~ ~~~~ 

la. 4 79 

Cnl orobenzenes 3. 0 S b  

Tetrachloroethy lene 2.5  95 

e 

e 

Reference (13) found t h a t  i n  general, organic  compounds t h a t  

were s i g n i f i c a n t l y  removed by a i r  s t r i p p i n g  had Henry’s law 

constants  above approximately 10 - 3 atm ms/mol. 

Cursory t e s t s  were conducted t o  i n v e s t i g a t e  t h e  

e f fec t i veness  of  a i r  s t r i p p i n g  f o r  t h e  removal o f  organic  

contaminants f rom u r i n e  d i s t i l l a t e .  TIMES d i s t i l l a t e  was 

used in t h e  f i r s t  test. The next  t h r e e  t e s t s  i nvo l ved  

successive d i s t i l l a t e  f r a c t i o n s  from a one l i t e r  batch of 

u r i n e  t r e a t e d  w i t h  s u l f u r i c  a c i d  and HDAH then vacuum 

d i s t i l l e d .  A i r  S t r i p p i n g  was s imulated by bubb l ing  n i t r o g e n  
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a t  200 m l / m i n  t h r o u g h  1 0 0  m l  o f  d i s t i l l a t e  f o r  f i v e  m i n u t e s .  

T h e  r e su l t s  are p r e s e n t e d  i n  T a b l e  4.7-2. 

TABLE 4.7-2. REMOVAL OF ORGANICS FROM URINE DISTILLATE 

U r i n e  D i s t i l l a t e  

TIMES 

BY AIR STRIPPING. 

I n i t i a l  F i n a l  % C h a n g e  
TOC i n  TOC TOC 

m Q / l  m u / l  m s / l  

9 0 83 -7.8 

DISTILLATE PORTIONS FROM 
1 LITER URINE BATCH 

250 - 500  m l  p o r t i o n  7 b -14. 

500 - 750 m l  p o r t i o n  16 14 -13. 

A v e r a g e  f o r  750 m l  1 1. 10 -9.1 

I n  a n o t h e r  t es t ,  u r i n e  d i s t i l l a t e  w a s  a c i d i f i e d  w i t h  

HC1 t o  pH = 2, t h e n  s u b j e c t e d  t o  t h e  s a m e  s t r i p p i n g  . 

p r o c e d u r e .  R e s u l t s  w e r e  n o t  a s  g o o d  as f o r  n o  pH 

a d j u s t m e n t .  

I t  w a 5  c o n c l u d e d  t h a t ,  d u e  t o  t h e  l o w  o r g a n i c  r e m o v a l  

(less t h a n  10 p e r  c e n t ) ,  a i r  s t r i p p i n g  is n o t  a v i a b l e  p o s t  

t r e a t m e n t  t e c h n i q u e  f o r  u r i n e  d i s t i l l a t e .  

4 .8  P o s t  T r e a t m e n t  bv L i a u i d / L i s u i d  E x t r a c t i o n .  

L i q u i d / L i q u i d  e x t r a c t i o n  is u s e d  i n  some ga5 

c h r o m a t o g r a p h y  m e t h o d s  t o  ex t r ac t  t race  o r g a n i c s  f r o m  water 

s a m p l e s .  I t  is a l s o  commonly u s e d  f o r  i n d u s t r i a l  w a s t e  

water t r e a t m e n t .  

a 

4 
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Cursory t e s t s  were conducted u s i n g  pentane, hexane sand 

iso-octane t o  e x t r a c t  organics f rom t h e  same u r i n e  

d i s t i l l a t e s  t h a t  were used i n  t h e  a i r  s t r i p p i n g  t e s t s  (See 

para. 4.7). Twenty m i l l i l i t e r s  o f  so l ven t  were used t o  

e x t r a c t  100 m l  o f  d i s t i l l a t e .  I t  w a s  found t h a t  t h e  t o t a l  

organic  carbon l e v e l  of t h e  e x t r a c t e d  samples increased, 

presumably due t o  t h e  incomplete separa t i on  o f  t h e  so lvent .  

Therefore t h e  so l ven t  was purged by bubb l i ng  200 m l / m i n  of 

n i t r o g e n  through t h e  sample f o r  f i v e  minutes. The r e s u l t s  
b 

are  presented i n  Table 4.8-1. 
a 

LIQUID/LIQUID EXTRACTION FOLLOWED BY A I R  STRIPPING. 

A f t e r  A f t e r  A i r  Change 
I n i t i a l  E x t r a c t i o n  S t r i p p i n g  i n  

TOC 
_.  

Ur i ne TQC TOC TOC 
D i s t i l l a t e  m q / l  ma l l  m a i i  % 

0 

TIMES(hexane1 90 133 1 60 +11 

PORTIONS FROM 1 LITER 
BATCH OF URINE 

0 - 250 m l  10 a9 
(pentane) 

250 - 500 m l  7 16 
(hexane) 

500 - 750 m l  16 24 
( i so-oct ane 1 

9 -10. 

6 -14. 

12 

Average f o r  
750 m l  

1 1  23 9 -18. 

I n  another t e s t ,  u r i n e  d i s t i l l a t e  was a c i d i f i e d  w i t h  
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HC1 t o  pH = 2, t h e n  s u b j e c t e d  t o  t h e  same l i q u i d / l i q u i d  

e x t r a c t i o n  p r o c e d u r e  f o l l o w e d  b y  a i r  s t r i p p i n g .  R e s u l t s  

w e r e  n o t  as good  a s  f o r  n o  pH a d j u s t m e n t .  

I t  w a s  c o n c l u d e d  t h a t ,  d u e  t o  t h e  i n c o m p l e t e  s e p a r a t i o n  
0 

o f  s o l v e n t  f r o m  t h e  d i s t i l l a t e ,  w h i c h  w o u l d  r e q u i r e  

s u b s e q u e n t  a i r  s t r i p p i n g ,  a n d  t h e  l o w  o r g a n i c  removal ( less  

t h a n  20 p e r  c e n t ) ,  s o l v e n t  e x t r a c t i o n  is riot a v i a b l e  p o s t  

t r e a t m e n t  t e c h n  i q u e  f o r  u r  i n e  d i  st i 1 1 ate.  

4.9 P o s t  T r e a t m e n t  M i c r o b i a l  C o n t r o L  

I n  t h e  S p a c e  S h u t t l e ,  f u e l  c e l l  p r o d u c t  water is used 

f o r  d r i n k i n g  water. T h e  f u e l  c e l l  water is t rea ted  b y  

p a s s i n g  i t  t h r o u g h  t h e  M i c r o b i a l  ChecC:: V a l v e  (MCV) (See 

R e f e r e n c e  9). T h e  MCV c o n t a i n s  a n  i o d i n a t e d  r e s i . n  b e d .  

T h i s  bed i m p a r t s  a p p r o x i m a t e l y  2 ppin of i o d i n e  t o  t h e  water. 

T h e  2 ppm i o d i n e  r e s i d u a l  m a i n t a i n s  m i c r o b i a l  c o n t r o l .  T h e  

MCV h a s  a l so  b e e n  i n v e s t i g a t e d  (See R e f e r e n c e  I.(:)) f o r  

a p p l i c a t i o n  t o  waste w a t e r s  i n c l u d i n g :  ( 1 )  h u m i d i t y  

c o n d e n s a t e ;  (2) u r i n e  d i s t i l l a t e ;  (3) u r i n e  d i s t i l l a t e  w i t h  

c a r r y o v e r  a n d  (4) wash w a t e r  p r o c e s s e d  b y  r e v e r s e  osmosis 

a n d  b y  f 1 o c c u l  a t  i o n / c o a g u l  a t  i cm I t  w a s  c o n c l  u d e d  t h a t  t h e  

MCV can p r o c e s s  r e c l a i m e d  w a s t e  water streams w i t h o u t  

s i g n i f i c a n t  d e g r a d a t i o n  o f  t h e  r e s i n  as l o n g  a s  t h e  streams 

do  n o t  c o n t a i n  a b n o r m a l  a m o u n t s  of  c o n t a m i n a n t s .  I n  , t h e  

case of m a l f u n c t i o n i n g  s y s t e m s ,  e x c e s s i v e  s t r i p p i n g  of 

i o d i n e  f r o m  t h e  b e d  would  b e  t he  m o s t  d a m a g i n g  e . f fect .  T h i s  

c o u l d  r e q u i r e  p r e m a t u r e  r e p l a c e m e n t  0.f t h e  MCV. 

0 
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I 

NASA has p rev ious l y  t r i e d  bo th  c h l o r i n e  ( i n  t h e  Apo l l o  

program) and t h e  s i l v e r  i o n s  (see Reference 11 and 12) and 

found them t o  be d e f i c i e n t  f o r  space a p p l i c a t i o n s .  

I od ina ted  r e s i n  beds were recommended f o r  i n c l u s i o n  i n  

post- t reatment subsystems f,or t h e  purpose o f  ma in ta in ing  

m i c r o b i a l  c o n t r o l .  Tests were performed t o  a s c e r t a i n  t h e  

e f f e c t i v e n e s s  o f  p l a c i n g  i o d i n a t e d  r e s i n  i n  t h e  anibed 

column t o  c o n t r o l  m ic rob ia l  growth w i t h i n  t h e  column. 

A schematic o f  t h e  sorpt ion-bed t e s t  setup i s  shown i n  

F i g u r e  4.9-1. P l a t e  counts were taken a t  sample s t a t i o n s  0 

through 6. They were taken f i r s t  w i t h  no i o d i n a t e d  r e s i n  

- i n  €he system, then wlth a $ed-znsLathzhxi-i;ed-aisiocation e9- 

then a t  l o c a t i o n  2, and f i n a l l y  a t  l o c a t i o n  3. The r e s u l t s  

a r e  presented i n  Table 4.9-1. The 2.0 ppm MCV kept t h e  

f i r s t  c a t i o n  bed f r e e  from growth, bu t  f a i l e d  t o  prevent  

growth i n  t h e  other  beds even when placed a t  l o c a t i o n s  2 and 

3. The carborl, polymeriq r e s i n  and anion r e s i n  a l l  remove 

i o d i n e  a t  t h e  design f l ow  v e l o c i t y  ( 2 cm/min). I t  i s  

concluded t h a t  p l a c i n g  MCV r e s i n  between t h e  beds w i l l  n o t  

ma in ta in  m ic rob ia l  con t ro l .  I f  i t  i s  des i red  t h a t  m i c r o b i a l  

c o n t r o l  be maintained throughout t h e  beds, i t  can probably  

be done by i n c l u d i n g  both an MCV and a membrane t o  s top  

spores ahead o f  t h e  beds and p r e - s t e r i l i z i n g  t h i s  assembly 

a t  autoc lave temperature. 
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TABLE 4.9-1. AEROBIC PLATE COUNTS FROM SORPTION BEDS 

FOR VARIOUS MCV LOCATIONS 

a 
Locat ion  

a 

0 

1 

2 
7 3 

4 
5 

6 

2.0 ppm 2.0 ppm 2.0 ppm 
No MCV MCV MCV 
MCV a t  0 a t  2 a t  3 

7.7w 1 0 5  0 7.7w i o5  7.7): io5 
TNTC .: i Q O  

TNTC 7 . 5 x  i o 4  0 

TNTC i Q x  io4 5 . 5 x  1 0 3  (2 

TNTC 6 . 5 ~ 1 0 ~  2. ox i o 4  4.3x 1 o', 

- - 
- 

TNTC 6 . 8 ~ 1 0 ~  1. ox io4 2 . 2 ~  i o 4  
TNTC 7 . 0 x i 0 4  i .  6 x  lo4 1 . QX io= 

4. io  Conceptual Desi tans and Trade-Of f s. 

Conceptual designs and est imated weight and power 

f i g u r e s  a re  presented f o r  t h r e e  p b t e n t i a i  pos t  i i l t r a t i o n  

methods: ( 1 )  M u l t i f i l t r a t i o n  us ing  mult i-media beds, (2) 

Reverse Osmosis us ing  ho l  low-f i ber membrane modules w i t h  

tube-side f l o w  (Rend Research) and (3) U l t r a v i o l e t  

c a t a l y z e d  ozonat ion (Westgate Research), Schematics of 

these methods a re  presented i n  F igures  4.i0-i, 4.10-2, and 

4.10-9 respec t i ve l y .  Weight and power est imates a re  

presented i n  Tables 4.10-1, 4.10-2, and 4.10-3. The design 

parameters a re  l i s t e d  below: 

e 
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DesiQn Parameters. 

Crew Size: 6 

Tota l  
lb /dav  

U r  i ne F1 ush 
lb /dav  lb /dav  

Waste Input Model: 

0 43.0 

1.3 

44.3 

Water 26.5 16.5 

Sol i d s  1.3 0 

TOTAL 27.8 16.5 

D u t y  Cycle: 16 hr /day 

Processina Rate: 2.69 l b  H=C)/hr 

P o w e r  Penal t ies.  S u n l i t  s i d e  Darkside 
I: Q / wa t t ku/watt  

regu la ted  115 VAC, 0.159 0. 329 
60 HZ 

Thermal Re jec t ion  Penalty. 

thermal r e j e c t i o n  t o  a i r  

Average 

0.244 

kQ/Watt 

a 
0 .  113 

Tota l  Power & Thermal Re jec t i on  Penal ty.  

t o t a l  (assumes a l l  i n p u t  energy f o r  
these systems i s  r e j e c t e d  t o  a i r  as heat )  0 . 357 

The weights and powers presented in Tables 4.10-1, 

4.10-2 and 4.10-3 are  bes t  est imates a t  t h i s  t ime. I t  

should be r e a l i z e d  t h a t  none of  t h e  components except f o r  

t h e  MCV, have been developed t o  f l i g h t  hardware and are, 117 

f a c t ,  i n  t h e  very e a r l y  development stages. The t h r e e  post-  

treatment methods a re  summarized i n  Table 4.10-4. 
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TABLE 4.10-1 MULTIFILTRATION USING MULTIMEDIA BEDS 
(See Figure 4.10-1) 

Launched Weiclht w i t h  Scheduled Replacement I tems ( t )  i n  Place. 

To ta l  Aver age U n i t  
W t  W t  Power 

Q C I  Spares Component Ko. K a  wat ts  

1 plumbing & f i t t i n g s  6 6 

1 1 metering pump 1.5 3 10 

1 c o n t r o l s  2.5 2.5 10 

b c a n i s t e r s  ( t )  2 12 

2 
0 

MCV ( P )  

TOTALS: 

0 . 5  1 - 
24.5 

2 MCV per 90 days - - 1 K g / 9 0  days 

Summar Y : 

Launch weight 

Power 8t thermal r e j e c t i o n  pena l ty  
(20 x 0.357) 

To ta l  Equiva lent  Launch Weight 

90-day resupply  weight 

Ka 

24.5 - 

81 

e 



(I 

4 



Cm 

14 - 
4 -  

33 - 

5- 

I3 - 
s- 
4- 
4 -  

3 3 2  

491 
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(See F i g u r e  4.10-2) 

L a u n c h e d  W e i u h t  w i t h  S c h e d u l e d  R e p l a c e m e n t  I t e m s  ( $ 1  i n  P l a c e .  

U n i t  T o t a l  A v e r a g e  a 
K u  KQ watts  

W t  W t  Power 

Qty_ Snares Component 

1 p l u m b i n g  St f i t t i n g s  

1 1 f e e d  pump 

1 1 c i r c  pump 

10 1 6 

10 20 1 0  

6 12 40 

1 A c c u m u l a t o r  4 4 

1 

1 

HO Module  h o u s i n g  6 6 

r LT d 2 (3 c o n t r o l s  bJ 

a 

1 RO Module  ( t )  1 1 

CI 
L MCV ( Y )  

TOTALS: 

S c h e d u l e d  Rep1 acemen t  I t e m s :  

0 . 2 5  Kg/30 d a y s  - - 1 RO Module  p e r  360 d a y s  

2 MCV p e r  90 d a y s  - - 1 # q / 9 0  d a y s  

Summarv: b:: 

Launch w e i g h t  - 49 . (3 

Power i?q t h e r m a l  r e j e c t i o n  p e n a l t y  
(70 x 0.357) 

74.0 - - T o t a l  E q u i v a l e n t  Launch  W e i g h t  

1.25 - 90-day r e s u p p l y  w e i g h t  - 
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TABLE 4.10-3- U V / O j  USING WESTGATE RESEARCH CONCEPT 

(See F igu re  4.10-5) 

Launched Weiuht w i t h  Scheduled Replacement I tems ( !# )  i n  Place. 

Qtv Spares Component 
E a wat ts  

1 plumbing 8t f i t t i n g s  

1 1 ozone generator 

1 1 reac to r  

1 1 feed pump 

1 1 discharge pump 

1 c o n t r o l s  

1 U-V lamp ( $ 1  

1 MCV ( $ 1  

TOTALS: 

Scheduled Replacement Items: 

1 UV lamp per 360 days 

1 MCV per 90 days 

Summar Y : 

Launch weight 

To ta l  Aver age U n i t  

Ea 
W t  W t  Power 

4 

4 

10 

1.5 

1.5 

5 

0 .  5 

(:I . 3 

4 

8 

3 

5 

0.  5 

(:I . 3 
44.0 

0 

a 

Fower Er thermal r e j e c t i o n  pena l t y  
(70 x 0.557) 

Tota l  Equiva lent  Launch Weight 

90-day resupply weight 

c:: 0 

44.0 

82.1 - - 
4 
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TABLE 4.10-4. WEIGHT SUMMARIES FOR THE THREE CANDIDATE 

POST F I L T R A T I O N  METHODS 

Weight/Kg 
a 

Mu1 t i -media Reverse 
S o m t i o n  beds Osmosis uv/o=- 

Launch weight 24.5 49.0 44.0 

7.1 25.0 82.1 Power e( Thermal pena l t y  - 
T o t a l  Equ iva len t  

launch weight 

90-day resupp ly  weight 

31.6 74.0 126.1 

3.0 1.25 0.7’5 

Note: These t a b u l a t i o n s  are compared g r a p h i c a l l y  i n  
~ ~ ~ ~~~~~ 

- ~ ~~-~~~~~~~~ _ ~ ~ _  ~~ 

F i g u r e  4.10-4. 

Since t h e  processing r a t e  i s  19.5 C:g/day, even t h e  

heav ies t  o f  these methods w i l i  process an a n o u t i t  ai Watsr 

equ iva len t  t o  i t s  launch weight i n  l e s s  than seven days. 

Th is  would appear- t o  be a good bargain.  

The da ta  generated t o  da te  i n d i c a t e  t h a t  one of  these 

alone may no t  be s u f f i c i e n t  t o  remove a l l  of t h e  organ ic  and 

ino rgan ic  contaminants t h a t  may be present  in rec la imed 

water. For instance, UV/OJ appears very  good a t  removing 

organ ics  b u t  has l i t t l e  e f f e c t  on inorganics,  wh i l e  reve rse  

osmosis i s  b e t t e r  at removing i no rgan ics  than organics.  So 

f a r  t h e  mult i-media so rp t i on  beds have an edge when b o t h  

i no rgan ics  and organics a re  considered, b u t  more lang-term 

t e s t i n g  i s  necessary t o  determine whether UV/O= may be 
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n e e d e d  t o  r e m o v e  a c l a s s  o f  o r g a n i c s  t h a t  may n o t  b e  r e m o v e d  

b y  e i t h e r  reverse osmosis or  m u l t i - m e d i a  s o r p t i o n .  F u r t h e r  

t e s t i n g  is n e e d e d  o n  a l l  t h r e e  m e t h o d s  t o  more c o m p l e t e l y  

d e f i n e  t h e i r  v i r t u e s  a n d  l i m i t a t i o n s .  

5.0 CONCEPT RECOMMENDATIONS. 

S e v e r a l  c o n c e p t s  are recommended f o r  f u r t h e r  e v a l u a t i o n  

w h i l e  several  o t h e r s  w e r e  d r o p p e d  f r o m  f u r t h e r  

c o n s i d e r a t i o n .  A summary o f  t h e  r e c o m m e n d a t i o n s  is; 

p r e s e n t e d  i n  T a b l e  5.0-1. 

TABLE 5.0-1. SUMMARY OF RECOMHEND6TIONS. 

Recommended f o r  
F u r t h e r  Eva1 uat i  o n  

Recommended t o  
be  DropDed 

C h e m i c a l  P r e t r e a t m e n t s  Flocculation/Coayulation 

Pos t  T r e a t m e n t  S o r p t i o n  B e d s  

P o s t  T r e a t m e n t  by  R e v e r s e  
O s m o s i  s 

P o s t  T r e a t m e n t  b y  O z o n a t i o n  

E l  ec t r ol y t  i c P r e t r e a t  men t 

Pos t  T r e a t m e n t  b y  A i r  
S t r i p p i n g  

P o s t  T r e a t m e n t  b y  L i q u i d /  
L i q u i d  E x t r a c t i o n  

P o s t  T r e a t m e n t  I o d i  n a t i o n  
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